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Aphids are a widespread family of plant pests, whose abilities to suppress shoot
and root growth are well documented for many terrestrial plants. Only a few studies have
been conducted on conifer aphids of the genus Cinara. Cinara pseudotsugae are known
to attack Douglas-fir seedlings, an important crop in the Pacific Northwest. Douglas-fir
are most susceptible to aphid damage as seedlings, especially in nurseries where
conditions favor aphid outbreaks. A parasitoid wasp (Pauesia sp.) attacks C.
pseudotsugae, and may be useful as a biological control agent. Studies of its natural
history and host interactions are needed to assess its potential as a bio-control agent.
This study examined the effects of an experimental range of aphid densities on the
growth of total shoot and root volume and biomass and shoot morphology of Douglas-fir
seedlings. Eighteen-week tests explored short term effects of different aphid feeding
intensities in both the greenhouse and field. Long term effects were tested by exposing
greenhouse seedlings to 16 months of aphid feeding. The ability of the plants to recover
was tested by allowing one set of seedlings to grow aphid free for one year, after being
Redacted for Privacyexposed to aphid feeding for 18 weeks. The success rate of parasitoids over an 18 week 
period was compared to aphid density in both greenhouse and field tests. 
Increasing aphid destiny was significantly related to decreasing root and shoot dry 
weights in greenhouse tests. Growth suppression increased slightly during the second 
year of testing, regardless of whether or not aphid feeding continued. The results forroot 
and shoot volumes were highly variable. However, root tissue density was significantly 
reduced after the second year of testing. Few shoot characteristics showed consistently 
significant aphid effects among the trials. Stem diameter and height decreased and needle 
density of new buds increased significantly with aphid feeding in most tests. Root and 
shoot growth of field plants did not show any significant aphid effects. 
Percentage of parasitoid success was independent of aphid density except at the 
lowest aphid densities. There was a block effect on parasitoid success in the field test, 
that may have been a result of varying environmental conditions. 
These results indicate that even short term aphid feeding can have long lasting 
effects on plant growth and structure. The effect on shoot and root growth was small, but 
there were no signs of recovery. The long term effects of the reduced root tissue density 
on Douglas-fir is unknown. ©Copyright by Julia P. Smith
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1. Introduction 
Cinara is a large genus of aphids including 150 North American species, all of 
which are known to feed only on conifers (Kirsten & Kfir, 1991). Different species of 
Cinara cause a wide range of damage from minor energy loss to significant growth 
suppression, and in some species host death. Aphid induced stress also weakens the tree 
and leaves it more susceptible to disease, secondary insect attack, and environmental 
stresses (Van Rensburg, 1979). The known effects of Cinara on conifer growth are based 
on relatively few studies, none of which has related root and shoot growth to known 
aphid densities. 
Effects of aphids over a range of population sizes are poorly known. Aphid 
populations have rarely been counted and/or controlled for experimental evaluation of 
impacts (Dixon, 1971a; 1971b; Fox & Griffith, 1977; Furuta & Takai, 1983; Johnson, 
1965; Thompson, 1977; Vranjic & Gullan, 1990). The infestations are usually divided 
visually into heavy and light infestations, or a given number of aphids is introduced and 
allowed to increase or decrease unchecked, rather than maintained at known levels or 
censused on a regular basis. 2 
1.1 Aphid Relationships to Tree Growth 
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) is an economically and 
ecologically important species in the Pacific Northwest, where it is raised commercially 
in nurseries for re-forestation of logged or burned sites. Conditions in nurseries and 
monoculture plantations are favorable for aphid outbreaks. Aphids have been found to 
cause their highest levels of damage to younger trees (Carter & Maslen, 1982; Dixon, 
1985; Furniss & Caro lin, 1977; Furuta & Takai, 1983; Johnson, 1965; Kfir & Kirsten, 
1991; Kidd & Tozer, 1985; Thompson, 1977; Voegtlin & Dahlsten, 1982). There are 
three species of Cinara that have been reported feeding on Douglas-fir: Cinara 
pseudotsugae Wilson, C. pseudotaxifoliae Palmer and C. splendens Gillette and Palmer 
(Johnson, 1965). Johnson (1965) recorded some shoot height suppression of Douglas-fir 
saplings caused by Cinara pseudotsugae and C. pseudotaxifoliae, but little is known of 
the extent of injury to shoots and/or roots. 
The long term consequences of sap removal from conifers is unknown, but it is 
believed that the photosynthate produced in the summer is used directly for root 
production, while energy used for the spring growth flush is relocated from the roots 
(Krueger & Trappe, 1967; Marshall, 1984; van den Driessche, 1987). Therefore, the 
immediate effect of aphid feeding should be reduced root production. Infestations of 
phloem feeding insects on several angiosperms have caused root growth suppression far 
exceeding shoot effects (Newbery, 1980; Vranjic & Ash, 1997; Vranjic & Gullan, 1990). 
Gymnosperms and angiosperms have very different vascular systems and growth patterns, 
so results of aphid feeding on conifers may differ from those recorded for angiosperms. 3 
A reduction of root mass when the tree is young may cause serious long term as 
well as short term problems. The survival of out-planted seedlings for reforestation is 
believed to depend on their ability to grow new roots (van den Driessche, 1987). Roots 
are not only important for energy storage, they also are the main providers of nutrients 
and water for the plant (Eis, 1974; Ritchie, 1984). Roots are in competition for water and 
nutrient resources as much as the shoots are in competition for light (Lyr & Hoffman, 
1967), and any suppression of root growth should have similar results for plant survival. 
The ability to access water is especially important to Douglas-fir in the Pacific Northwest 
where seedlings must survive the summer dry season. Furthermore, a plant with a 
weakened root system is more susceptible to wind-throw, diseases and secondary insect 
attacks (Van Rensburg, 1979). Early damage may cause long term problems due to 
Douglas-fir seedlings forming the tap and main lateral roots in the first four years of 
growth (Eis, 1974). 
1.2 Aphid - Parasitoid Interactions 
Parasitoid wasps have been used for biological control of Cinara aphids (Kfir & 
Kirsten, 1991; Kirsten & Kfir, 1991; Stary, 1993). Little is known about the host seeking 
abilities and natural history of Pauesia spp., especially those that have not been 
considered for use as bio-controls. To be effective bio-control agents, parasitoids need to 
be able to locate widely spaced aphid colonies in a diverse environment. An important 
question is how parasitoid host seeking efficiency is affected by aphid density and/or 
environmental differences. Several studies of aphid parasitoids have found that the 4 
wasp's success rate depends more on host population density than on environmental 
conditions, whereas studies of other parasitoids have found that environmental 
conditions have a greater effect on parasitoid success. Several of the aphid parasitoid 
studies used destructive collection methods, so that the levels of parasitism recorded 
showed 'snap shots' of parasitoid dispersal and attack rather than a more comprehensive 
view over several generations. Aphid/parasitoid interactions are difficult to predict or 
model because of overlapping generations of both hosts and parasitoids (Brodeur, 1994). 
1.3 Study Objectives 
This thesis addresses aphid feeding effects on Douglas-fir seedlings and parasitoid 
responses to aphid density, through two studies. The first study examinedroot and shoot 
volumes and dry weights of 2 year old Douglas-fir seedlings that were exposed to 
different levels of aphid feeding during one or two growing seasons. Individual shoot 
characteristics including, height, diameter, bud growth, and needle growth, were also 
measured. I tested four hypotheses: 1) that aphid feeding reduces root growth as well as 
shoot growth, 2) that these effects are not equal on roots and shoots, 3) that these effects 
are more intense during the second year of feeding, 4) that shoot and root growth rates 
recover after aphid feeding has ended. This study also examined the extent to which 
aphid feeding affects shoot morphology. 
The second study compared aphid density to the percentage of parasitism by a 
Pauesia wasp parasitoid. A wide range of aphid densities was maintained on two year 
old Douglas-fir in a climate controlled greenhouse and in the field, as part of the first 5 
study. Parasitoids had free access to aphid populations for 18 weeks. Parasitoid success 
was compared to aphid density by treatment and block to determine effects of host 
density and environment on parasitoid density and efficiency. 6 
2. Differential Root and Shoot Growth of Douglas-fir Seedlings Infested with 
Cinara pseudotsugae (Homoptera: Aphididae) 
2.1 Abstract 
This study compared growth of the roots and shoots of 2 year old Douglas-fir 
seedlings (Pseudotsuga menziesii (Mirb.) Franco) that were exposed to different levels of 
aphid (Cinara pseudotsugae Wilson) feeding over one and two growing seasons. 
Measurements included seedling height, terminal bud length, stem diameter, number and 
length of lateral buds and lateral branches, needle length and needle density, and overall 
root and shoot volumes and dry weights. 
Two one-season tests in the greenhouse andone in the field were conducted to 
determine short term effects of aphid feeding. Effects of long term aphid feeding in the 
greenhouse were examined in a fourth test in which plants were exposed to aphid feeding 
for two consecutive growing seasons. The final greenhouse experiment tested the 
seedling's ability to recover quickly fromone season of aphid feeding, during the 
subsequent growing season. 
In the greenhouse tests, shoot and root growth significantly decreased with 
increasing aphid feeding intensities. This effect was slightly greater in the second year. 
The field test did not show a significant aphid effect on shoot or root growth. 
Comparisons of aphid effects between root to shoot growth of the one season tests 
showed equal effects on growth within each test. Dry weight growth rates showed a more 
severe aphid effect on root growth for both the long term feeding and recovery tests. 7 
Root tissue density decreased with increasing aphid density in the long term and recovery 
trees. There was no sign of recovery, of either root or shoot growth, in seedlings one year 
after aphid feeding ended. Of the measured shoot characteristics, only stem diameter 
showed a consistently significant effect of aphids, except in the field experiment. General 
trends included a decrease in height, bud length, and an increase in needle density on new 
buds in plants exposed to aphid feeding. 
2.2 Introduction 
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) is an economically and 
ecologically important species in the Pacific Northwest.  Doug las-fir seedlings are raised 
in nurseries for re-forestation of logged or burned sites. Outbreak conditions for many 
insect pests are met when seedlings are raised in close quarters in nurseries or planted in 
monocultures. The best studied pests of Douglas-fir are the defoliators and wood boring 
beetles, but Douglas-fir hosts several sap feeding insects. Few studies have examined 
these insects, and little is known of how much injury they may inflict, largely because the 
feeding damage caused by sap feeders is not as visible, or easily quantifiable, as that of 
defoliators. Estimates of aphid damage to conifers are usually reported as suppression of 
stem height and/or diameter. Other shoot damage to conifers, including wood 
deformation and needle senescence and stunting, have been recorded but not thoroughly 
investigated (Furniss & Caro lin, 1977; Kidd, 1988; Obiri, 1994; Thompson, 1977). 8 
However, studies of phloem sap feeders on deciduous trees and herbaceousplants have 
shown reduction in root growth far exceeding effects on shoot growth (Newbery, 1980; 
Vranjic & Ash, 1997; Vranjic & Gullan, 1990). 
2.2.1 Literature Review 
Cinara is a large genus of aphids, with 150 species in North America, known to 
feed only on conifers (Kirsten & Kfir, 1991). There are three species that have been 
reported feeding on Douglas-fir: C. pseudotsugae Wilson, C. pseudotaxifoliae Palmer 
and C. splendens Gillette and Palmer (Johnson, 1965).  Cinara pseudotsugae is the most 
common and is found in western North America from Arizona north through British 
Columbia (Voegtlin & Bridges, 1988). The most serious damage to the host caused by 
aphids may not be the visible tissue damage at the feeding site, but the loss of large 
quantities of phloem sap. The sap loss may cause damage or suppress growth of plant 
parts distal to feeding sites (Kidd & Tozer, 1985). Aphids must process vast quantities of 
sap to obtain sufficient nutrients for growth and reproduction (Holopainen & Soikkeli, 
1984). For example, Macrosiphum liriodendri aphids on tulip trees have been estimated 
to remove up to 400 times their body weight in sap per day (Van Hook et al., 1980). The 
willow aphid is estimated to remove the product of 5-20 cm2 of leaf area per aphid per 
day (Dixon, 1971a). 
Studies of aphids on conifers have generally focused on shoot height and diameter 
suppression (Dixon, 1971a; Eis, 1974; Krueger & Trappe, 1967; Kuris, 1996; Larsson, 
1985; Newbery et al., 1983). There are many studies of the serious effects of various 9 
Cinara species on the shoots of their conifer hosts. Unfortunately, in most studies the 
aphid populations were neither counted nor controlled on test groups (Dixon, 1971a; 
Dixon, 1971b; Fox & Griffith, 1977; Furuta & Takai, 1983; Johnson, 1965; Thompson, 
1977; Vranjic & Gullan, 1990). The infestations were either divided visually into heavy-
light infestations, or a given number of aphids was introduced and allowed to increase or 
decrease unchecked, rather than maintained at known levels. Vranjic and Ash (1997) in a 
study of eucalyptus seedlings did manipulate scale numbers on a monthly basis to 
maintain distinct feeding levels. 
Aphids are usually found causing the most severe damage to young trees and 
saplings (Carter & Maslen, 1982; Dixon, 1985; Furniss & Caro lin, 1977; Furuta & Takai, 
1983; Johnson, 1965; Kfir & Kirsten, 1991; Kidd & Tozer, 1985; Thompson, 1977; 
Voegtlin & Dahlsten, 1982). Kidd (1985) reported a 60-70% growth loss of young Scots 
pine shoots that was significantly related to the number of Cinara pinea per plant and the 
duration of the feeding. Carter and Maslen (1982) saw shoot growth loss of up to 38% in 
young spruce infested with Cinara species. Fox and Griffith (1977) found that Cinara 
atlantica and C. watsoni caused significant reductions in diameter and height of loblolly 
pine seedlings. Johnson (1965) recorded shoot growth loss to Douglas-fir saplings 
caused by C. pseudotsugae and C. pseudotaxifoliae.  Also, aphid feeding can cause an 
increase in needle senescence in conifers (Carter & Maslen, 1982; Kidd & Tozer, 1985). 
Another consequence of sap removal is depleted carbon reserves, which inhibits shoot 
and needle elongation, reducing the plants' photosynthetic capacity 10 
(Krueger & Trappe, 1967; Stary, 1993). Shoot characteristics important to estimating 
photosynthetic capabilities, including needle density, number of buds and lateral bud 
growth, have generally been ignored. 
The effects of Cinara on root production have not been reported. Thus, potential 
long term effects of sap removal on conifer root growth have been ignored. Infestations 
of phloem feeding insects have been recorded causing significant damage to roots as well 
as shoots of angiosperms. Vranjic & Gullan (1990) found that root production was 
inhibited by scales feeding on eucalyptus seedlings.  In a six month test they recorded 
growth loss of 50% dry weight of leaves and stems and 75% of root dry mass. In a 
second study Vranjic and Ash (1997) found that root dry weight decreased linearly with 
increasing scale densities. Another example of how phloem feeders affect roots and 
shoots differentially is reported by Newbery (1980) in a study of coccid effects on 
Scaevola taccada. After twenty-nine days roots of bushes cleared of insects produced 63 
mg of new growth while the infested shrubs generated only 2 mg. Conifers and broadleaf 
plants have very different vascular systems and growth patterns. It is important to know 
how these physiological differences affect plant reactions to sap loss. 
A reduction of root mass when the tree is young may cause serious long term as 
well as short term problems. Root systems of Douglas-fir form the tap root and main 
lateral roots in the first four years of growth (Eis, 1974). The survival of transplanted 
seedlings is believed to rely heavily on their ability to grow new roots (van den Driessche, 
1987). Photosynthate produced in the summer is used directly for root production, while 11 
energy needed for the spring growth flush is relocated from the roots (Krueger & Trappe, 
1967; Marshall, 1984; van den Driessche, 1987). Roots are not only important for energy 
storage, they also are the main providers of nutrients and water for the plant (Eis, 1974; 
Ritchie, 1984). Smaller root systems reduce the trees' ability to compete for water and 
nutrients contributing to future growth problems (Carlson,  1986; Hermann, 1964; 
Lopushinsky & Beebe, 1970; Lyr & Hoffman, 1967; Newton & Cole, 1991). Roots are in 
competition for water and nutrient resources as much as the shoots are in competition for 
light (Lyr & Hoffman, 1967), and any suppression of root growth should have similar 
consequences for plant survival. The ability to access water is especially important to 
Douglas-fir in the Pacific Northwest where seedlings must survive a warm dry season. 
Furthermore, the plants' susceptibility to drought, wind-throw, diseases and secondary 
insect attacks may increase (Van Rensburg, 1979).  Cinara cronartii is suspected to be 
associated with rust of several pines, both as a vector between trees and inoculator of 
spores below the bark on their stylets (Van Rensburg, 1979). 
The growth response measurements in this study are a combination of 
measurements used in other studies of growth by researchers and seedling quality 
standards used in nurseries (1979a; Burdett, 1979b; Lopushinsky & Beebe, 1970; 
Marshall, 1984; Racey, 1985; Rose et al., 1991; Thompson, 1984). The dry weight 
measurements have been used most by nurseries to assess plant quality until recently. 
Now, volume measurements are gaining popularity as a non-destructive method. 
Measuring volume with water displacement is quicker and less expensive than 12 
dry weight or root area index measurements. Dry weight and volume measurements are 
highly correlated, but do not give identical results, because different plant structures have 
varying densities. Needles, for example, have air pockets in them. Thus needles will 
show a large volume relative to their dry weight (Glerum & Boufford, 1979). 
2.2.2 Statement of Purpose 
The purpose of this study was to assess the relationship between aphid density and 
various measures of shoot and root growth. I compared the root shoot volumes and dry 
weights of 2 year old Douglas-fir seedlings that were exposed to different levels of aphid 
feeding over one and two growing seasons. I tested the following hypotheses: 
1) Aphid feeding reduces root growth as well as shoot growth 
2) Aphid feeding effects are not equal on roots and shoots. 
3) Aphid feeding effects are more intense during the second year of feeding. 
4) Shoot and root growth rates recover after aphid feeding has ended. 
5) Aphid feeding affects some shoot characteristics more than others. 
2.3 Methods and Materials 
2.3.1 Site Description 
The experiments were conducted at Oregon State University in Corvallis, OR. The 
trees in the greenhouse tests were maintained at a daily temperature range of 16°-24° C 13 
March - November, and 100-160 C December - February, and received natural light/dark 
cycles. Field tests also were conducted at Oregon State University at a site near the 
greenhouse. Field plants were exposed to natural light levels and temperature, but were 
given supplemental water. 
Douglas fir 1-1 bare root seedlings were acquired for this study from D. L. Phipps 
Nursery, Elkton, OR in 1995 and 1996. The 1-1 designation means that seedlings were 
grown in seedling beds for one year and then transplanted to less dense beds for a second 
year. Seedlings were from seed stock from Benton Co., Oregon; elevation 600 - 1000 
feet. They were planted in 1 gallon pots in mid march of 1995 and 1996. The soil used 
was a 2:1:2 ratio of loam, sand and organic material, respectively. Theplants in the 16 
month treatments were treated with Miracidc fertilizer in the 10th and 12th months of the 
experiment. In June of 1995 and 1996 fifteen and ten trees, respectively, of each 
shipment of seedlings were sacrificed to measure initial root and shoot sizes. Initial 
seedling dimensions and their means are reported in Appendix A. 
Cinara pseudotsugae aphids were obtained from wild Douglas fir trees growing in 
the area used for the field test. Additional aphids, of all nymphal stages, for maintaining 
aphid treatments were raised on extra seedlings in the greenhouse. Aphid populations on 
test plants were counted every two weeks from late June 1995 through May 1996 and 
every week June 1996 through October 1996. Aphids were added or removed manually 
from plants, at measurement periods, to maintain a wide range of feeding levels. Target 
densities (number of aphids per plant) were achieved by the second week of testing on 14 
most plants. However, target aphid densities could not be maintained constantly 
throughout the test period. Aphid populations exhibited some seasonal increases and 
declines despite manipulations. Appendix C lists the bi-weekly/weekly aphid population 
estimates for each seedling. 
2.3.2 Experimental Design 
Five combinations of one- and two-growing season experiments using a wide 
range of C. pseudotsugae levels were conducted to test the hypotheses (Table 2.1). Two 
one-season tests in the greenhouse and one in the field were conducted to determine short 
term effects of aphids. The short term tests lasted 18 weeks, from the third week of June 
through the end of October. Effects of long term aphid feeding were examined in the 
fourth test where plants were exposed to aphid feeding for two consecutive growing 
seasons. Between November and May small aphid populations (usually less than forty 
per plant) remained on the long term test seedlings. The final experiment tested the 
seedling's ability to recover during the year following one season of aphid feeding. The 
two season experiments were started at the end of June 1995 and ran through the third 
week of October 1996. 
In June 1995, 110 seedlings were randomized and assigned to the long term, 
recovery and short term tests. Within these groups, seedlings were randomly assigned to 
aphid treatment levels and blocks in the greenhouse.  Target aphid levels for each test 
were zero (controls), 45- 55 per plant per day at the low level, 70- 80 aphids per plant per 
day at the medium level, and more than 100 aphids a day per plant at the high level. Each 15 
Table 2.1 Experimental conditions for testing effects of manipulated densities of aphids 
on Douglas-fir seedlings. Tests were conducted over different periods of time to 
assess short-term and long-term effects of aphid feeding on seedling growth and 
recovery. 
Weeks of
 
Test  Location  Weeks  Aphid  n  Dates of Test
 
in Test  Treatment
 
Short term 1995  Greenhouse  18
  all  40  6/95  10/95

Short term 1996  Greenhouse  18
  all  40  6/96 - 10/96

Field 1996  Field  all
 18  40  6/96 - 10/96

2 year controls  Greenhouse  72  10
 none  6/95  10/96

Long term  Greenhouse  72  all  30  6/95  10/96

Recovery  Greenhouse  72  1st thru 18th  30  6/95  10/96 
test contained ten plants per treatment level. Plants in the recovery test were only treated 
with aphids during the first four months of the 16 month test. The same ten plants were 
used as controls for both the long term and recovery tests. All plants were randomly 
shifted within their blocks at measurement periods. 
In 1996 the one season test was repeated in the greenhouse and in the field. Both 
tests had ten controls and ten plants each assigned to low, medium or high aphid density 
levels. Two plants from each level were randomly assigned to each of five blocks of 
eight plants for each test. They received the same treatment as the 1995 short term plants, 
but aphid numbers were measured on a weekly instead of bi-weekly basis. 16 
2.3.3 Measurements 
Shoot and root dimensions and mass were measured to estimate changes in plant 
structure due to aphid feeding (Table 2.2). Estimates of shoot and root growth were made 
using both volume and dry weight measurements from the beginning and end of the test 
periods. Shoot and root volumes were determined by using water displacement. Soil 
was carefully hand washed from the roots, to avoid excessive loss of tissue, during 
preparations for measurement. Roots were allowed to air dry before volumes were 
measured. Roots and shoots were then oven dried separately at 50° C and weighed. 
Several other shoot morphology measurements were taken in addition to the total 
volume and biomass measurements. Height was measured from the soil line to the tips of 
the terminal bud needles. Terminal buds were measured from the base of the bud scales 
to the tips of the needles. Number of new lateral buds and number of active lateral 
branches (those with at least one new bud) were counted. Lengths of ten random active 
lateral branches and ten random lateral buds were averaged. Average needle length was 
calculated for the terminal bud, lateral buds and old needles using five random needles 
from each category. Needle density per centimeter was also estimated for the new lateral 
buds, lateral branches and the terminal bud, by averaging density from two randomly 
selected 2 cm stem sections from each category. Appendix B lists the final measurements 
for each seedling. 
Dry weight, volume and needle densities were measured at the end of each plant's 
individual test period, because the methods of measurement were destructive. Stem 
diameter, lateral branch and bud counts, needle lengths and lateral branch and bud lengths 17 
Table 2.2 Plant measurements used to evaluate effects of aphid feeding on 
Douglas-fir seedling shoot and root growth. 
Component 
Roots  total 
Shoot  total 
Needles 
Stem 
Lateral 
Branches 
Lateral Buds 
Terminal Bud 
Measurement 
dry weight 
volume 
dry weight 
volume 
density/cm: 
avg. of 4 cm 
length avg. of
 
five needle
 
Diameter
 
height
 
avg, length of
 
ten branches
 
number
 
avg. length
 
of ten buds
 
number
 
length 
Precision 
0.01 gr. 
6.5 m13 
0.01 gr. 
6.5 mt3 
avg. of 4 cm 
1 mm 
0.5 mm 
1 mm 
1 mm 
1 branch 
1 mm 
1 bud 
1 mm 
Time
 
end of test
 
end of test
 
end of test
 
end of test
 
end of test
 
start & end of test 
start & end of test 
1995: bi-weekly 
1996: weekly 
start & end of test 
start & end of test 
start & end of test 
start & end of test 
1995: bi-weekly 
1996: weekly 
were measured at the start and end of each test, so that the change per plant could be 
calculated. Ten plants of each shipment of plants were sacrificed and measured at the 
start of the tests to assess the initial plant parameters. Height and terminal bud length 
were measured for each seedling every two weeks June 1995 through May 1996 and 18 
every week June 1996 through October 1996. Aphid counts were made at the same times 
as the periodic height and terminal bud measurements. Counts of aphid populations did 
not distinguish between life stages. 
2.3.4 Statistical Treatments 
Although this study was initially designed to test effects of specific target levels of 
aphid density, variation in initial plant size and aphid reproduction and mortality resulted 
in a range of aphid densities. Effects of aphid feeding were analyzed using regression 
techniques to assess relationships between change in volume, dry weight and shoot 
characteristics and aphid feeding intensity. Aphid feeding intensity was standardized by 
converting aphid counts into adjusted aphid days (formula 2.1), in which one aphid day 
equals the effect of one aphid feeding for 24 hours, and dividing the resulting estimate of 
aphid days for each plant by the plant's initial diameter. Stem diameter was used to 
aphid days = (((P1 + P2)12) = 0/D1 
Formula 2.1 Adjusted aphid days. Pi= starting aphid population; P2 = ending aphid
population; t = days between measurements; D1 = initial stem diameter 
standardize initial plant size because it had a high correlation to shoot and root 
volumes/dry weights. Also it is easily and commonly measured, facilitating comparison 
to past and future studies. This formula accounts for gradual change in aphid numbers 
between the measurements.- Aphid days for each measurement period were added to 19 
obtain the seasonal totals used in the analyses. Seasonal aphid day totals corresponding 
to the target aphid levels are: low = 5,600-6,900 aphid days, medium = 8,800-10,000 
aphid days, and high > 12,600 aphid days 
Analyses using final volumes and dry weights as response values showed similar 
results to those employing the change in volume and dry weight calculations, but had 
much larger standard errors. Changes in volume and dry weight were determined by 
subtracting an estimate of initial volume (or dry weight) from ending volume (or dry 
weight). A ratio of stem diameter to volume (or dry weight) was used to estimate initial 
volume (or dry weight). 
change in volume (or dry weight) = V2- ((D2/V2) D1) 
Formula 2.2 Change in volume (or dry weight).  V2 = final volume or dry weight; D1  = 
the plant's initial diameter; D2 = the final diameter 
The analyses utilizing change in dry weights and volumes still have large standard errors, 
leading to low R-squared values, but show the effects more distinctly than the regressions 
using final dry weights and volumes. The p-values accepted as significant for the 
analyses are those equal to or less than 0.04. A lower than standard p-value was selected 
to partially compensate for the high level of variance in the data. To evaluate differential 
feeding effects on growth rates between one and two season tests, a comparison of the 
regression slopes was performed separately for both roots and shoots (Sokal & Rohlf, 
1981; Stafford & Sabin, in Press). The slopes of the shoot and root regression lines and 20 
their confidence intervals for each test were compared individually to look for different 
effects on the growth rates. Data were analyzed statistically using the JMP® and SAS 
software packages (SAS Institute Inc., 1989-97). 
2.4 Results 
A comparable range of aphid days was achieved in all of the greenhouse tests 
(figs. 2.1a & b, 2.2, 2.3 and 2.4). However, field conditions apparently limited aphid 
survival and/or reproduction, making it impossible to achieve the high levels of aphid 
feeding seen in the greenhouse (fig. 2.1c). Similar aphid levels were maintained, for both 
growing seasons, on individual plants that were exposed to aphid feeding for 72 weeks. 
2.4.1 Shoot Growth 
Change in shoot dry weight showed a significant negative correlation to adjusted 
aphid days, in the short term greenhouse tests, but no significant relationship was seen in 
the field trial (fig. 2.5 and Table 2.3). Plants in the long term feeding and recovery tests 
continued to show a significant negative relationship between aphid days and shoot dry 
weight after 72 weeks of treatments (fig. 2.6 and Table 2.3). 21 
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Figure 2.1 Range of seasonal aphid days per Douglas-fir seedling in the short 
term tests. Plants were treated with aphids  (Cinara pseudotsugae) for 
18 weeks. An adjusted aphid day represents cumulative effect of a single 
aphid feeding for one day, then divided by seedling stem diameter to 
standardize for plant size. a. 1995 short term aphid feeding test. b. 1996 
short term aphid feeding test.  c. 1996 short term field aphid feeding test. 18000 
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Figure 2.2 Range of seasonal aphid days per Douglas-fir seedling in the recovery aphid feeding test. Plants 
were treated with aphids (Cinara pseudotsugae) for eighteen weeks, for the following 52 weeks aphids 
were removed from the seedlings. An adjusted aphid day represents cumulative effect of a single aphid
feeding for a day, then divided by seedling stem diameter to standardize for plant size. Figure 2.3 Range of seasonal aphid days per Douglas-fir seedling in the two year control seedlings.  Any
aphids (Cinara pseudotsugae) that were found on the plants were removed for 70 weeks. An adjusted
aphid day represents cumulative effect of a single aphid feeding for a day, then divided by seedling stem
diameter to standardize for plant size. Figure 2.4 Range of seasonal aphid days per Douglas-fir seedling in the long term aphid feeding test. Plants
were treated with aphids (Cinara pseudotsugae) for 70 weeks. An adjusted aphid day represents
cumulative effect of a single aphid feeding for a day, then divided by seedling stem diameter to
standardize for plant size. 12­
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Figure 2.5 Regression of change in shoot dry weight by aphid days for short term greenhouse tests. Change in
dry weight was calculated by subtracting an estimate of the initial dry weight from the final dry weight.  1995 
test (- - -) regression equation is y= -0.0002x + 4.45 (P=0.01, R2= 0.16). The 1996 () equation is
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Figure 2.6 Regression of change in shoot dry weight by aphid days for two year tests. Change in shoot dry
weight was calculated by subtracting an estimate of the initial dry weight from the final dry weight. 
Recovery (- - -) regression equation is y= -0.001x + 33.21 (P=0.005, R2= 0.20). The long term () 
equation is y= -0.0007x + 31.02 (P=0.04, R2= 0.11). 27 
Table 2.3 Summary of shoot dry weight regression analyses for all short term tests, the 
recovery test and the long term aphid feeding test. 
Test  Regression Equation  P-value  R2 
1995 Greenhouse  y = -0.0002x + 4.45  0.01  0.16 
1996 Greenhouse  y = -0.0003x + 5.57  0.04  0.11 
1996 Field  y = 0.0002x + 6.45  0.58  0.02 
Recovery Test  y = -0.001x + 33.21  0.005  0.20 
Long Term Test  y = -0.0007x + 31.02  0.04  0.11 
The results for shoot volume regression analyses were similar to the dry weight 
results (Table 2.4, fig. 2.7 and fig. 2.8).  However, the 1996 short term greenhouse trial 
only approached significance and the two year feeding test did not show a significant 
aphid feeding response. 
Table 2.4 Summary of shoot volume regression analyses for all short term tests, the 
recovery test and the long term aphid feeding test. 
Test  Regression Equation  P-value  R2 
1995 Greenhouse  y = -0.0005x + 15.50  0.02  0.15 
1996 Greenhouse  y = -0.0008x + 15.26  0.06  0.10 
1996 Field  y = 0.0008x + 15.26  0.41  0.02 
Recovery Test  y = -0.0024x + 86.71  0.01  0.17 
Long Term Test  y = -0.0014x + 78.88  0.11  0.07 
A comparison of slope parameters for dry weight and volume was conducted 
separately, to determine if shoot growth was different between tests. Significance levels 140 
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Figure 2.8 Regression of change in shoot volume by aphid days for two year tests. Change in volume was
calculated by subtracting an estimate of the initial volume from the volume measurement. Recovery test
(- - -) regression equation is y= -0.0024x + 86.71 (P=0.01, R2= 0.17). The long term () equation is
y= -0.0014x + 78.88 (P=0.11, R2= 0.07). 35 
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Figure 2.7 Regression of change in shoot volume by aphid days for short term greenhouse tests. Change in volume
was calculated by subtracting an estimate of the initial volume from the volume measurement. The1995 test
(- - -) regression equation is y= -0.0005x + 15.50 (P=0.02, R2= 0.15). The 1996 () equation is
y= -0.0008x + 15.26 (P=0.06, R2= 0.10). 30 
for 95% and 80% confidence intervals (CI) are presented in Table 2.5a & b. Eighty 
percent CIs are provided to make allowances for high variance in the data. The 
differences between the slopes showed a somewhat greater, but non-significant, effect of 
aphid feeding on shoot dry weight in the greenhouse seedlings the second year. Shoot 
volume showed a significantly lower growth rate in the second year of testing regardless 
of whether aphid feeding continued. 
Table 2.5 Shoot dry weight and volume slopes confidenceinterval comparisons. 
Table 2.5a Shoot dry weight slopes and confidence intervals. Significant differences
 
between slopes are indicated by superscript letters.
 
Test  Slope +1- 95% CI  Slope +1- 80% CI 
1995 Greenhouse  -0.00016 +/- 0.00011  a  -0.00016 +/- 0.00007 a' b 
1996 Greenhouse  -0.00037 +1- 0.00036 a  -0.00037 +/- 0.00023 a' b 
1996 Field  0.00018 +/- 0.00065 a  0.00018 +/- 0.00042 a 
Long Term Test  -0.00066 +/- 0.00065 a  -0.00066 +/- 0.00041 b 
Recovery Test  -0.001 +/- 0.00047 a  -0.001 +/- 0.0003 b 
Table 2.5b Shoot volume slopes and confidence intervals. Significantly differences 
between slopes are indicated by superscript letters. 
Test  Slope +1- 95% CI  Slope +1- 80% CI 
1995 Greenhouse  -0.0005 +/- 0.00039 a  -0.0005 +/- 0.00025 a 
1996 Greenhouse  -0.001 .4- 0.001 2'12  -0.001  +/- 0.00065 a 
1996 Field  0.0005 +/- 0.0018 a' b  0.0005 +/- 0.0011 b 
Long Term Test  -0.0014 +/- .00018 a' b  -0.0014 +/- .00011 c 
Recovery Test  -0.0024 +1- 0.0013 b  -0.0024 +/- 0.0008 d 31 
2.4.2 Root Growth 
The regression of change in root dry weight, by adjusted aphid days, showed 
significant negative correlation in all of the greenhouse tests (Table 2.6, fig. 2.9 and fig. 
2.10). However, the field test again exhibited a different trend. The field plants showed a 
borderline significant positive correlation to aphid density. 
Table 2.6 Summary of root dry weight regression analyses for all short term tests, the
 
recovery test and the long term aphid feeding test.
 
Test  Regression Equation  P-value  R2 
1995 Greenhouse  y = -0.0001x + 2.96  0.0004  0.29 
1996 Greenhouse  y = -0.0003x + 4.27  0.02  0.16 
1996 Field  y = 0.0004x + 3.73  0.05  0.10 
Recovery Test  y = -0.0023x + 53.27  0.03  0.13 
Long Term Test  y = -0.0021x + 53.88  0.03  0.13 
Only the one-season greenhouse experiments showed a significant growth 
reduction in root volume with increasing aphid intensities (Table 2.7 and fig. 2.11). The 
long term and recovery tests of root volume did not show a significant effect of aphid 
feeding, unlike the regression for dry weight. 12 
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Figure 2.9 Regression of change in root dry weight by aphid days for short term tests. Change in dry weight was
calculated by subtracting an estimate of the initial dry weight from the final dry weight.  1995 test (- -)
regression equation is y= -0.0001x + 2.96 (P=0.0004, R2= 0.29). The 1996 () equation is 
y= -0.0003x + 4.27 (P=0.02, R2= 0.16). Field regression (-- -) y= 0.0004x + 3.73 (P=0.05, R2= 0.10). 120 
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Figure 2.10 Regression of change in root dry weight by aphid days for two year tests. Change in shoot dry
weight was calculated by subtracting an estimate of the initial dry weight from the final dry weight.
Recovery (- - -) regression equation is y= -0.0023x + 53.27 (P=0.03, R2= 0.13).  The long term ()
equation is y= -0.0021x + 53.88 (P=0.03, R2= 0.13). 30 
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Figure 2.11 Regression of change in root volume by aphid days for short term tests. Change in volume was 
calculated by subtracting an estimate of the initial volume from the volume measurement. The 1995 test 
(- - -) regression equation is y= -0.0005x + 11.89 (P=0.002, R2= 0.23). The 1996 () equation is 
y= -0.0006x + 8.97 (P=0.02, R2= 0.14). Field regression (-- ) y= 0.0006x + 9.46 (P=0.16, R2= 0.05). 35 
Table 2.7  Summary of root volume regression analyses for all short term tests, the
 
recovery test and the long term aphid feeding test.
 
Test  Regression Equation  P-value  R2 
1995 Greenhouse  y = -0.0005x +11.89  0.002  0.23 
1996 Greenhouse  y = -0.0006x +8.797  0.02  0.14 
1996 Field  y = 0.0006x + 9.46  0.16  0.05 
Recovery Test  y = 0.0001x + 58.03  0.90  0.0004 
Long Term Test  y = 0.0004x + 58.77  0.72  0.004 
A comparison of slopes was conducted separately for dry weight and volume, to 
determine if root growth was affected differently between tests. Significance levels for 
95% and 80% CIs are presented in Table 2.8a and b. The comparison of root dry weight 
slopes showed a significant increase in aphid affect during the second year, but the large 
standard error of the volume results of the two year tests mask any effects. The 
significant shoot and root effects, caused by aphid feeding, seen in these experiments 
occurred within the First 8 - 10 weeks of the tests. After that time additional aphid days 
did not improve the significance of the root and shoot growth reductions. 36 
Table 2.8 Root dry weight and volume slopes confidence intervals comparisons. 
Table 2.8a Root dry weight slopes and confidence intervals.  Significantly differences 
between slopes are indicated by superscript letters. 
Test  Slope +1- 95% CI  Slope +1- 80% CI 
1995 Greenhouse  -0.00014 +/- 0.00007 a  -0.00014 +/- 0.00005 
a 
1996 Greenhouse  -0.00029 +/- 0.00023 a  -0.00029 +/- 0.00015  a, b 
1996 Field  0.00037 +/- 0.002  a  0.00037 +/- 0.0013 
a 
Long Term Test  -0.0021 +/- 0.0018  a, b  -0.0021 +/- 0.0012  b, c 
Recovery Test  -0.023 +/- 0.00037  b  -0.023 +/- 0.00024 
C 
Table 2.8b Root volume slopes and confidence intervals.  Significantly differences 
between slopes are indicated by superscript letters. 
Test  Slope +1- 95% Cl  Slope +1- 80% CI 
1995 Greenhouse  -0.00054 +/- 0.00033 a  -0.00054 +/- 0.00021 a 
1996 Greenhouse  -0.0006 +/- 0.00051 a  -0.0006 +/- 0.00032 a 
1996 Field  0.00058 +/- 0.0024 b  0.00058 +/- 0.0015 b 
Long Term Test  0.00041  +/- 0.0023 a' b  0.00041 +/- 0.0015 a' b 
Recovery Test  0.00014 +/- 0.00083 a' b  0.00014 +/- 0.00053 a' b 37 
2.4.3 Tissue Density 
A comparison of shoot and root dry weight growth rates suggested that aphid
 
feeding had a greater effect on root growth in the long term aphid test and recovery
 
feeding test (fig. 2.12). This relationship was reversed in the volume measurements.
 
These trends were not seen in the one-season trials. The reduction of dry weight without 
a corresponding reduction in volume suggests a change in tissue density. Density was 
determined by dividing ending dry weight by ending volume. There was no effect of 
aphid feeding on shoot or root tissue density of seedlings in the one season tests. Shoot 
density in the long term feeding test showed a slight, but non-significant (P = 0.07, R2 = 
0.09) reduction with increasing aphid densities.  The shoots of recovery plants did not 
exhibit an aphid effect on tissue density. There was a highly significant reduction of root 
tissue density in the long term seedlings (P<0.0001, R2 = 0.49)(fig. 2.13). The plants in 
the recovery test also showed a significant effect of aphid feeding on root tissue density 
(P <0.0001, R2 = 0.52)(fig. 2.14). The reduction of root tissue density was virtually the 
same for the long term feeding trial (slope = -0.00004) and the recovery trial (slope = ­
0.00005). 38 
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Figure 2.13 Density of root tissue of Douglas-fir seedlings by adjusted aphid days in the long term aphid feeding
trial. (P <0.0001, R2 = 49). Root density equals the final root dry weight divided by the final fresh root 
volume. 
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Figure 2.14 Density of root tissue of Douglas-fir seedlings by adjusted aphid days in the recovery trial. 
(P <0.0001, R2 = 0.52). Root density equals the final root dry weight divided by the final fresh root volume. 41 
2.4.4 Shoot Morphology 
Few of the measured shoot characteristics showed significant effects of aphid 
feeding. Diameter showed a significant reduction with increasing aphid days after one 
year of feeding (P = 0.03) and two years of feeding (P = 0.03) in the greenhouse. The 
field plants and recovery plants did not exhibit a significant diameter loss. An ANOVA 
test to compare control samples to aphid treated plants indicated a significant negative 
effect on stem diameter in the recovery test (P < 0.0001).  ANOVA tests of control 
samples versus samples with aphids was used on the rest of the morphology data. 
ANOVA tests were useful for these data where there were no significant linear effects 
with increasing aphid density, but there were differences between the trees exposed to 
aphid feeding and the controls. Total height was reduced significantly in the second year 
of the long term (P = 0.03) and recovery tests (P = 0.02), using ANOVA. Needle 
density of the terminal and lateral buds increased when aphids were present, but was only 
significant in the one season ANOVA tests. Since buds and needle primordia are formed 
in the previous year, the increase in needle density is probably a by-product of aphid 
suppression of bud elongation. Terminal and lateral bud needles were shorter and denser 
the second year, on the treated plants, in both the long term and recovery tests. Reduced 
needle length may be due to reduced carbon reserves. 42 
2.5 Discussion: 
This study demonstrated significant effects of aphid feeding on Douglas-fir 
seedling growth. Aphids affected a number of growth parameters, but appeared chiefly to 
affect root tissue density. There are many factors influencing shoot and root growth 
response to aphid feeding. Initial plant size, health and energy reserves will affect overall 
growth rates and ability to withstand aphid attack. In the first year most plants were 
healthy and had varying amounts of stored energy to help compensate for sap loss, 
possibly contributing to variance of the data.  The more severe growth reduction, 
accompanied by lower variance, in the long term feeding and recovery tests may indicate 
that the plants' energy reserves were depleted. Seedlings in the recovery test showed few 
signs of recovery 12 months after only 18 weeks of aphid attack. One reason that the 
aphid effects on roots in this experiment were weaker than those reported in other studies 
(Newbery, 1980; Vranjic & Gullan, 1990) may be that trees react to stress more slowly 
than herbaceous plants and conifers react differently from angiosperms (Waring & Cobb, 
1992). Growth losses recorded in this study are not large, but may reduce the seedlings' 
fitness for years to come. 
Previous studies of phloem sap loss via sap feeders have looked at either volume 
or dry weight without exploring potential effect on tissue density (Dixon, 1971a; Eis, 
1974; Johnson, 1965; Krueger & Trappe,  1967; Newbery et al., 1983; Vranjic & Ash, 
1997; Vranjic & Gullan, 1990). The volume and dry weight measurements of shoot and 
root biomass produced some conflicting results in these experiments, leading to an 
examination of how phloem sap loss affected tissue density. Volume in the second year 43 
of testing did not show a comparable reduction to that of dry weight, indicating that while 
aphid feeding had little effect on the growth rate, there was a strong effect on plant tissue 
density. 
Removal of large quantities of carbohydrates by aphids may be the main cause of 
dry weight reduction in the seedlings. Carbon in tissues and stored carbohydrates 
accounts for approximately 50% of plant dry weight (Webb, 1978). Defoliation has been 
found to reduce starch reserves in foliage as well as in woody tissue, in several tree 
species (Renaud & Mauffette, 1991; Webb, 1978).  The greater effect on root density in 
this study is consistent with the role of roots as an energy sink for carbohydrates, and that 
roots are more sensitive to stress than shoots (Mohammed et al., 1992; Renaud & 
Mauffette, 1991; Webb, 1977). Starch is the most common form of energy storage in 
conifers, of which greater than fifty percent can be found stored in coarse roots (Gholz & 
Croper, 1991). Carbohydrates are also important in roots as a food source for symbiotic 
mycorrhyzae and in cells for developing cold hardiness (Kozlowski et al., 1991; Webb, 
1978). Mycorrhyzae provide their host increased nutrient and water uptake and may 
provide protection from soil born pathogens in exchange for carbohydrates. 
Ectomycorrhyzal fungi have been reported to absorb up to 40% of photosynthate 
currently being produced (Gehring & Whitham, 1991). Gehring and Whitham found that 
both simulated herbivory and defoliation by Dioryctria albovitella reduced mycorrhzal 
abundance in pinyon pine (Gehring & Whitham, 1991; Gehring & Whitham, 1995). 44 
Additional stress of poor environmental conditions increased this effect and reduced 
mycorrhzal for over one year after the herbivory was stopped (Gehring & Whitham, 
1995). 
The slight reduction of shoot density in the long term plants may reflect low 
carbohydrate levels caused by current aphid feeding.  Old foliage of Douglas-fir is also a 
reservoir of carbohydrates (Webb, 1977; Webb, 1978). Foliar stores in Douglas-fir react 
quickly to replenish carbohydrate levels in active photosynthetic tissues (Webb, 1977). 
The absence of an effect on shoot density in recovery plants may be an indicator that the 
seedlings are starting to recover and build up short term carbon reserves in the short term 
foliar sinks. 
The one season field test did not show an aphid effect on shoot growth or tissue 
density, and root growth showed a slight increase with aphid feeding. Aphid populations 
in the field test were lower than those in the greenhouse, despite ant attendance of field 
populations. The protection by ants seemed to be inadequate to counter the affect of 
predators and other environmental conditions on aphid survival. This limits comparisons 
that can be made with greenhouse tests. Even considering the lower aphid populations, 
the field test did not reproduce the growth effects found on trees in the greenhouse, with 
comparable aphid densities. One contributing factor is that climatic conditions (lower 
humidity and higher soil temperature) in the field may have limited shoot production and 
increased root growth (Ledig et al., 1970).  The test plants were in pots, to allow for 
comparable root collections and soil type, which probably lead to higher soil temperature 
for field plants. Another factor may have been ants tending aphids on field plants and 45 
removing the large quantities of honeydew excreted by aphids.  On the greenhouse plants 
honeydew acted as a substrate for sooty mold, and may have reduced photosynthesis 
(Obiri, 1994). Presence of ants in aphid colonies was noted at the weekly measurement 
periods: ants were observed on 98% of the plants an average of 40-50% of the time. 
These tests suggest that Douglas-fir are at the greatest risk of aphid damage in 
greenhouse environments with increased plant density and separated from ant attendants 
and natural aphid predators. The data in the field test had a large standard error, and more 
testing is necessary before strong conclusions can be drawn. Nonetheless, these data 
suggest that effects of aphid feeding can be mitigated by climatic and biotic factors in 
natural habitats. 46 
3. Population Dynamics ofa Braconid Parasitoid (Pauesia sp.) and Cinara 
pseudotsugae (Homoptera: Aphididae) 
3.1 Abstract 
This study compared percentage parasitism of Cinara pseudotsugae Wilson (by a 
Pauesia parasitoid) to aphid density. A wide range of aphid densities were maintained on 
two year old Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) seedlings in a climate 
controlled greenhouse and in the field. Aphid population estimates and aphid mummy 
counts were compared to determine effects of host density and environmental conditions 
on parasitoid efficiency. 
The number of parasitized aphids had a significant positive correlation to aphid 
density. Parasitoid efficiency (percent of aphids parasitized) was found to be similar for 
all aphid densities except for those with fewer than 20 aphids per plant per day. 
Parasitoid success was higher in the greenhouse thanin the field situation. This was most 
likely due to ant defense of aphid colonies, environmental conditions, and the greater 
distances between host colonies on seedlings and between host trees. The mean 
efficiency of parasitism was 2.9 % in the greenhouse and 0.5 % in the field. 
3.2 Introduction 
Cinara is a large genus of aphids with approximately  150 species in North 
America, known to feed only on conifers (Kirsten & Kfir, 1991). Studies of Cinara have 
reported growth suppression of shoot height, stem diameter, an increase of needle 47 
senescence and sometimes death of infested hosts plants (Fox & Griffith, 1977; Furniss & 
Caro lin, 1977; Holopainen & Soikkeli, 1984; Johnson, 1965; Kidd & Tozer, 1985; Obiri, 
1994; J. Smith, unpublished data; Thompson, 1977). Aphid induced stress can also 
weaken the tree and leave it more susceptible to disease, secondary insects, and other 
environmental stresses (Van Rensburg, 1979). 
Parasitoid wasps have been used for biological control of Cinara aphids (Kfir & 
Kirsten, 1991; Kirsten & Kfir, 1991; Stary, 1993). A Pauesia parasitoid of C. cronartii 
has been successfully established for biological control in South Africa. Little is known 
about the search habits and natural history of Pauesia sp., especially those that have not 
been considered for use as bio-controls. Parasitoids need to be able to locate widely 
spaced aphid colonies in a diverse environment. An important question is whether 
parasitoid host seeking efficiency is more dependent on aphid density or environmental 
conditions. 
Douglas-fir is an economically and ecologically important species in the Pacific 
Northwest. Douglas-fir are raised commercially in nurseries for re-forestation of logged 
or burned sites. The conditions in nurseries and monoculture plantations are favorable for 
aphid outbreaks. There are three species of Cinara that have been reported feeding on 
Douglas-fir; Cinara pseudotsugae, C. pseudotaxifoliae and C. splendens (Johnson, 1965). 
Cinara pseudotsugae is the most common and is found in western North America from 
Arizona north through British Columbia (Voegtlin & Bridges, 1988). This study 
examined effects of host density and other factors on parasitism efficiency by a Pauesia 
parasitoid of C. pseudotsugae. 48 
3.2.1 Literature Review 
Several studies on parasitoid wasps of aphids have led to several conflicting 
conclusions on whether the percent parasitism is affected more by aphid density or 
environmental conditions (Kirsten & Kfir, 1991; Messenger, 1964; Volkl, 1994). Kirsten 
and Kfir (1991) have studied host selection by a Pauesia parasitoid that attacks C. 
cronartii. Laboratory tests and random field sampling of aphid colonies indicated that 
host selection was random within aphid colonies and study site.  They also found that the 
parasitoids' dispersal appeared to be independent of environmental variations. Volkl 
(1994) recorded a decreasing rate of parasitism with increasing aphid colony size in both 
greenhouse and field studies of Aphidus rosae, on the rose aphid Macrosiphum rosae. 
Messenger (1964) conducted an experiment of temperature effects on life cycle of an 
aphid and its parasitoid. He showed that while aphid growth and reproduction were 
affected by the temperature differences, the parasitoid numbers were affected by the 
number of suitable hosts, but not directly by temperature. Abundance of a parasitoid 
wasp, of a gregarious Lepidoptera larva, was also found to be inversely dependent on host 
population and significantly affected by the north-south aspect within the host tree 
(Kuhlmann, 1994). 
Short term aphid/parasitoid population dynamics are difficult to predict or model 
because of overlapping generations of both hosts and parasitoids (Brodeur, 1994). The 
collection methods used in previous studies were mostly destructive and the levels of 49 
parasitism recorded showed 'snap shots' of a single time period of parasitoid dispersal 
and attack rather than a comprehensive view over several generations (Hagvar & 
Hofsvang, 1987; Kirsten & Kfir, 1991; Messenger, 1964) 
3.2.2 Study Objectives 
This study compares Cinara pseudotsugae density to the proportion of successful 
parasitism by a Pauesia wasp. A wide range of aphid densities were maintained on two­
year-old Douglas-fir in a climate controlled greenhouse and in the field. Parasitoids had 
free access to aphid populations for 18 weeks. Aphid mummy counts were compared by 
aphid density and plant position to determine host population and environmental effects 
on parasitoid density and efficiency. This study was conducted within the confines of an 
existing experiment studying the affect of aphid feeding on plant growth. 
3.3 Methods and Materials 
Two eighteen week experiments were conducted at Oregon State University in 
Corvallis, OR. Aphid colonies were maintained on two year old Douglas-fir seedlings 
acquired from the D. L. Phipps Nursery, Elkton, OR.  The first experiment tested 
parasitoid efficiency among aphid colonies in  a greenhouse. The second experiment 
tracked parasitoid efficiency among aphid colonies on seedlings in an outdoor setting. 
The aphids in the greenhouse test were maintained at a daily temperature range of 15°-24° 
C, 50 
and received natural light/dark cycles. The field tests were also conducted at Oregon 
State University in a 9m x 15m wild area near the greenhouse. Field populations were 
exposed to natural light and temperature. 
3.3.1 Experimental Design 
In June 1996 eighty seedlings were assigned to one of four aphid density 
categories. Target aphid densities were zero aphids on controls, 45- 55 per tree per day at 
the low density, 70- 80 aphids per tree per day at the medium density, and greater than 
100 aphids a day per tree at high density. Two plants from each category were randomly 
placed in each of five blocks in the greenhouse and five blocks in the field. Plant location 
within the blocks was randomly shifted at measurement periods. Blocks in the 
greenhouse were exposed to a relatively homogenous environment.  Direct sunlight was 
diffused by shading applied to the greenhouse, and temperature homogeneity was 
maintained by a centrally located fan. Field blocks were located in areas that varied in the 
amount of exposure to direct sunlight, wind and temperature (fig. 3.1).  Ground cover 
available as refuge for aphids, parasitoids, and other arthropod predators also varied 
(Table 3.1). In addition, aphid colonies on field plants were exposed to the possibility of 
ant attendance, while ants were excluded from the greenhouse. 51 
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Figure 3.1 Map of blocks at field site: lcm = 0.67m. Eight Douglas-fir seedlings per
block. 
Wild Douglas-fir trees and saplings 
0 Pine trees 
EN Coarse woody debris 
Medium ground cover 
ME High ground cover 52 
Table 3.1. Block conditions of the field site. 
Ground Cover 
Block 
Height  Light Level 
1  high  All day 
2  medium  afternoon 
3  low  mid-day & afternoon 
4  medium  morning & mid-day 
5  low  morning 
Cinara pseudotsugae were obtained from Douglas-fir trees growing in the area 
used for the field test. Additional aphids for maintaining population levels were raised on 
surplus seedlings in the greenhouse. Aphids were added or removed manually from test 
plants, at measurement periods, to maintain target ranges of aphid population densities. 
Pauesia parasitoids were already present in the greenhouse and field areas from a 
previous study, and were allowed free access to the aphid colonies. Parasitoid success 
rates were estimated by counting the number of aphid mummies on each tree. Mummies 
are the sclerotized exoskeleton of the aphid host remaining after the parasitoid wasp has 
pupated and emerged as a winged adult. Mummified aphidbodies were counted, after 
wasp emergence, and removed from the plants to prevent duplication. Aphid populations 
and mummies of parasitized aphids were counted on each plant every seven to ten days 
for eighteen weeks, June through October. 53 
3.3.2 Statistical Treatments 
Weekly aphid population counts (Appendix C) were converted into an estimate of 
aphid days (formula 3.1). This accounts for gradual change in aphid numbers between the 
measurement periods. One aphid day represents one aphid present on the plant for one 
day. Aphid days for each measurement period were added to obtain the seasonal totals 
used as an estimate of aphid density in the analyses. Aphid mummy totals were compiled 
from weekly counts (Appendix D). 
aphid days = ((P1 + P2)/2) « d 
Formula 3.1 Aphid days. P1= starting aphid population;  P2= ending aphid population;
d = days between measurements 
Seasonal totals for aphids and mummies were used for statistical tests because of 
the difficulty of distinguishing between overlapping generations. Multiple regression was 
used to determine relationships between density of parasitoid mummy counts and aphid 
days and block for each seedling. Parasitoid efficiency was calculated by dividing the 
mummy count by aphid days for percent parasitism. Percentage of parasitism was also 
compared between field and greenhouse tests. 54 
3.4 Results 
A wide range of aphid days was achieved on plants in the greenhouse test where 
seasonal totals ranged from 130 to 11,600 aphid days per seedling. The aphid 
populations on the field plants had a much narrower range 0 to 9,400 aphid days per 
seedling (fig. 3.2). The lower densities were most likely a result of the presence of 
additional natural enemies and variable environmental conditions affecting aphid survival 
and fecundity at the field site. Aphid days were treated as a continuous variable rather 
than as distinct levels, because of uncontrollable deviations from target aphid levels, due 
to the exponential reproductive capabilities of C. pseudotsugae. 
3.4.1 Parasitoid Density 
In the greenhouse test, density of aphid mummies was significantly related to 
aphid density (P < 0.0001; R2 = 0.85) (fig. 3.3). The blocking in the greenhouse had no 
effect on parasitoid density (P = 0.68). Also there was no interactive effect of aphid 
density and block on parasitoids in the greenhouse (P = 0.53). 
The field test also showed a strong positive effect of aphid density (fig. 3.4) on 
increasing mummy numbers (p < 0.0001, R2 = 0.53). While the blocking did not have a 
significant effect (p = 0.62, R2 = 0.07), there was a significant interaction effect of block 
and aphid density (p = 0.028, R2 = 0.79) on mummy density. 55 
a
 
b 
(/) >.
0
co
v r
 
a. < 
12000 
10000 
8000 
6000 
4000 
2000 
0 
0 CO 
Cr  'Cr 
CO
Tr  Tr  N 0 CO In  In In  In  CD  CO  CO CO 
SAMPLE NUMBER 
O 
CD  i::: 
CO N 
CD N 
12000 
10000 
8000 
6000 
4000 
2000 
0 
N N  O 
CO 
C.) 
CO 
CO 
CO  0) 
CO 
CNI  It)  CO 0 CO
C)  0)  0)  0 0
1­ "... 
Sample Number 
CO 0
1­
CO 0
Ir. 
CS1
1­
... 
LO
1­
1­
Figure 3.2 Range of seasonal aphid densities.  Aphid days are an 
estimate of seasonal aphid density, per plant, where 1 aphid 
day = 1 aphid present in on the plant for 1 day. 
a. Greenhouse seedlings 
b. Field seedlings 400
 
y = 0.0261x + 6.3733

350
 
R2 = 0.8503
 
300
 
250
 
200
 
150
 
100
 
50
 
0
 
0  2000  4000  6000
  8000  10000  12000
 
APHID DAYS
 
Figure 3.3 Density of total parasitoid mummies per seedling relative to its aphid density in the 18 week 
greenhouse test (P< 0.0001). Mummy density is the total number of scoleritized aphids found on each 
seedling during the experiment. Aphid days are an esimate of seasonal aphid density for each seedling. 50 
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Figure 3.4 Density of total parasitoid mummies per seedling relative to its aphid density in the 18 week field test 
(P<0.0001). Mummy density is the total number of scoleritized aphids found on each seedling during the
experiment. Aphid days are an esimate of seasonal aphid density for each seedling. 58 
3.4.2 Parasitoid Efficiency 
In the aphid populations in the greenhouse test, parasitoid efficiency ranged from 
1.7% to 10.1%. Control plants, those with fewer than a thousand aphid days, skewed the 
range of parasitism rates (fig 3.5). This may be a misleading result, a product of the small 
numbers of aphids and parasitoids contributing to the calculations. Another explanation 
is that it may indicate that a minimum aphid density is required to support a viable 
parasitoid population. More replicates are needed at this level of aphid density before any 
conclusions can be made about the percent parasitism. Therefore, samples with less than 
a thousand aphid days were removed from the following analyses of parasitoid efficiency. 
The mean rate of parasitism in the greenhouse experiment for the eighteen week 
period was 2.7% (excluding seedlings with less than 100 aphid days). There was no 
significant effect of aphid density on the percent parasitism (P = 0.98)(fig. 3.6). Effect of 
plant position by block approached significance (P =0.06, R2 = 0.29) (fig 3.7). The 
parasitoids may have been affected by variations in temperature and wind, caused by the 
cooling fan in the greenhouse. The rate of parasitism was slightly higher in block 4, 
which was not directly in the wind path of the fan. 
Parasitoid efficiency rates in the field trial were generally lower than in the 
greenhouse, ranging from 0.1% to 20%. Again a few control samples severely skewed 
the range (fig 3.8) and were removed from the analyses. The mean rate of parasitism for 
the 18 week period without the control samples was 0.5%. There was no significant 
effect of aphid density on the rate of parasitism (P =0.14, R2 = 0.08) (fig. 3.9). However, 
there is a significant (p=0.001, R2 = 0.50) block effect on the rate of parasitism (fig 3.10). 12.0 
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Figure 3.5 Range of percent parasitism in aphid colonies in the greenhouse test.  Seedlings #40-49 are control
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Figure 3.6 Regression of percent parasitism on aphid colonies in the field test (P= 0.98). Aphid days are an
esimate of seasonal aphid density per plant. Percent parasitism is calculated by dividing each seedling's
seasonal aphid mummy count by its seasonal aphid days. 61 
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Figure 3.7 ANOVA test of percent parasitism on aphid colonies in the 
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Figure 3.8 Range of percent parasitism on aphid colonies in the field test. Seedling #77-86 are control plants
(seedlings with less than 1,000 aphid days).  Percent parasitism is calculated by dividing each seedling's
seasonal aphid mummy count by its seasonal aphid days. 1.0 
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Figure 3.9 Regression of percent parasitism on aphid colonies in the field test (P= 0.14). Aphid days are an
esimate of seasonal aphid density per plant. Percent parasitism is calculated by dividing each seedling's
seasonal aphid mummy count by its seasonal aphid days. 64 
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Figure 3.10 ANOVA of percent parasitism on aphid colonies in the field 
test. Points are rate of parasitism for individual plants within the
blocks, excluding control plants. Using a students t-value of 
2.0595 (P=0.05, n=40), block 5 is significantly different from 
blocks 2, 3 & 4. Also bock 1 is significantly different form blocks 2 
and 4. 65 
The two blocks with low light level (morning sun only) and high level (all day exposure) 
had lower rates of successful parasitism. The parasitoid efficiency was highest for the 
blocks with a medium level of ground cover and that were near the coarse woody debris. 
The blocks were not completely replicated so full significance of light and ground cover 
cannot be evaluated. 
The results in these experiments only reflect the number of parasitoids that were 
successful, and survived to adulthood. Also, since only the mummies on the trees were 
counted, any parasitized aphids that wandered off the tree went uncounted. The percent 
of parasitism in the field was significantly lower than the greenhouse rate (t = 106.15, df 
= 79). The lower level of parasitoid success may be a result of the parasitoids having a 
larger area to search between aphid colonies. Climatic and topographical conditions may 
have had an effect on parasitoid searching ability and/or survival. Also, ants defending 
aphid colonies may have reduced the number of successful parasitoid attacks. Ants were 
found tending aphids on 98 % of the plants at least once during the test period. The 
presence or absence of ants was noted at the weekly measurement periods. The frequency 
of ant attendance was significantly correlatedto increasing aphid density (P <0.0001, R2 = 
0.50)(fig. 3.11). There was no significant effect of blocking on ant attendance (P = 0.17). 
Also the observed frequency of ants on the field plants did not have a significant effect on 
the rate of parasitism (P = 0.49). 16 
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Figure 3.11 Frequency of ant attendance related to aphid density of field seedlings (P<0.0001). Ant presence
was noted weekly, with a maximum of 17 observations possible. 67 
3.5 Discussion 
3.5.1 Parasitoid Efficiency 
The lack of an effect of aphid density on percent parasitism supports a conclusion 
that parasitoid effectiveness is independent of aphid density between 1,000 and 12,000 
aphid days with this Pauesia parasitoid. Studies of the effect of aphid density on 
parasitoid efficiency have produced conflicting results. Several studies support the 
results of this experiment showing independence of percentage parasitism and aphid 
density. Hagvar and Hofsvang (1987) found, in a greenhouse test, that the percentage of 
parasitism was unaffected by Myzus persicae densities of 50 - 1000 per paprika plant. 
Kirsten and Kfir (1991) also observed that parasitism, by a Pauesia sp., was not 
influenced by Cinara cronartii density in a field study. Weisser (1995) reported no 
difference between percent of parasitism anddensities of Aphidus funebris in a 
greenhouse test. However, only two aphid densities (10 and 20 aphids per plant) were 
tested. Data from these experiments covered only a single generation of parasitoids. A 
greenhouse study, of a braconid parasitoid, indicate that the percentage of parasitism was 
unaffected by Therioaphis maculata aphid density over eighty days (Messenger, 1964). 
In contrast Volkl (1994) reported a decrease in the rate of parasitism on Sitobion 
fragariae aphids with increasing aphid density in single generation observational and 
experimental field tests. 
Biotic and abiotic factors have been found to affect parasitoid efficiency and 
survival. Fink and Volkl (1995) conducted a laboratory experiment to test the effects of 68 
several environmental conditions on oviposition success of Aphidus rosae. They found 
no effect of temperatures of 24 - 37° C or low humidity on parasitoid foraging or rate of 
oviposition. Rainfall of several intensities halted all parasitoid activity, during rainfall 
and for a short time afterwards. Wind oftwo meters per second restricted parasitoid 
flight and foraging, decreasing rates of oviposition.  Biotic factors affecting parasitism 
include ants, which have been observed preventing parasitoid oviposition (Hagvar & 
Hofsvang, 1987); and spiders, which are considered a major predator of adult parasitoids 
(Volkl & Werner, 1996). 
Many conditions besides aphid density affect parasitoid success. Plant structure 
and host distribution both within the plant and within the habitat influence the efficiency 
and success of parasitoids (Furuta & Aloo, 1994; Volkl, 1994; Volkl & Werner, 1996; 
Weisser, 1995). The distance between colonies affects the mode of searching (flight or 
walking) and the amount of time spent searching. The size of the colony also affects the 
amount of time spent within the colony (Volkl, 1994; Weisser, 1995). The amount of 
time handling aphids before oviposition and number of eggs per parasitoid limit 
parasitoid efficiency rate (Hagvar & Hofsvang, 1987). Aphid defensive behavior and 
interference from other parasitoids can act as a physical barrier to hinder oviposition 
(Hagvar & Hofsvang, 1987). Chemical factors can reduce parasitism (aphid alarm 
pheromones) or facilitate parasitism (aphid kairomones and honeydew) (Hagvar & 
Hofsvang, 1987; Volkl & Werner, 1996).  The low rate of parasitism found in this study 
is typical of rates found in other studies of Aphidiidae. An average rate between 1 - 10% 
parasitism has been reported for many Aphidiid wasps (Mackauer & Volkl, 1993). 69 
4. Summary 
4.1 Aphid Effects on Tree Growth 
In the greenhouse tests, shoot and root growth significantly decreased with 
increasing aphid feeding intensities. The effect on dry weight was stronger in the second 
year, and results showed less variance than in the first year. Comparisons ofroot and 
shoot growth of the one-season tests showed equal growth rates between the test groups. 
The comparison of growth rates based on dry weight showed a more severe aphid affect 
on root growth for both the long term feeding and recovery tests data. The volume 
measurements did not show a corresponding decrease in growth during the second year. 
This study indicates that a major effect of aphid feeding is a decrease in root tissue 
density. The lack of a strong effect on any individual shoot morphological characteristic 
indicates that aphid effects on growth are holistic. Stem diameter was the most 
consistently affected variable, and is highly correlated to shoot and root biomass. 
The high level of variance in the data indicates that there were many factors 
influencing shoot and root growth. Initial plant size, health and energy reserves affect 
overall growth rates and ability to withstand aphid attack. The more severe growth 
reduction to trees in long term feeding and recovery tests may indicate that the plants' 
energy reserves were depleted by the first summer of aphid feeding.  Seedlings in the 
recovery test showed few signs of recovery 12 months after the initial  18 weeks of aphid 
attack. One reason that the aphid effects on roots in this experiment were weaker than 
those reported in other studies (Newbery, 1980; Vranjic & Gullan, 1990) may be because 70 
trees react to stress slowly and conifers react differently from angiosperms (Waring & 
Cobb, 1992). Growth losses in these experiments are not large, but carbohydrate 
depletion may reduce the seedlings' fitness for years to come. 
The one-season field test did not show an aphid effect on shoot and root growth. 
The high aphid populations seen in the greenhouse tests were unattainable in the field 
test, limiting comparisons that can be made with greenhouse tests. Even considering the 
lower aphid populations, the field test did not reproduce growth effects found in low 
density greenhouse trees. One contributing factor is that climatic conditions in the field, 
such as low humidity and higher soil temperatures favor lower shoot production and 
higher root growth. However, these conditions do not completely account for the lack of 
significant growth effects. Another factor may have been ant attendance of aphids on 
field plants. Ants at the field site removed large quantities of honeydew excreted by 
aphids. On the greenhouse plants honeydew acted as a substrate for sooty mold, perhaps 
reducing photosynthetic capabilities of the plant (Obiri, 1994; Vranjic & Gullan, 1990). 
These tests show that Douglas-fir are at the greatest risk of aphid damage in greenhouses 
and nurseries where they are grown in high density conditions separated from ant 
attendants and a variety of natural aphid predators. The data in the field test had a large 
standard error and more testing is necessary before strong conclusions can be drawn. 
4.2 Aphid - Parasitoid Interactions 
Parasitoid effectiveness (percent parasitism) was found to be independent of aphid 
density in both the greenhouse and field tests, except at the lowest aphid densities (where 71 
parsitism ranged from 0 to 20%). Parasitoid efficiency was higher in the greenhouse than 
in the field situation. The lower success rate in the field was most likely caused by ant 
defense of aphid colonies, environmental conditions and the greater distances between 
host trees in the field. Shade and height of ground cover varied between the field blocks 
and may have affected parasitoid survival and search efficiency. This parasitoid was not 
a very efficient bio-control agent in this study. Other naturalpredators such as 
coccinellids may prove to be more efficient controls. 72 
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Appendices Appendix A :  Initial Douglas-fir Seedling Dimensions 
Table 1  Initial statistics for the 1995 seedlings. Seedlings X1-X15 were sacrificed at the start of the experiment. 
Seedlings 1-39 were 1995 short term plants,116-125 two year controls, 126-153 long term aphid feeding plants,
and 154-182 recovery plants. Lateral branch/bud lengths are an average of twenty (all branches and/or buds were 
used if < 20 per tree) random branches and buds. 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud 
X1 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
X10 
0.8 
0.8 
0.9 
0.85 
1.1 
0.95 
1.1 
0.9 
1.0 
1.1 
55.3 
65.6 
58.1 
46.0 
71.5 
64.5 
54.0 
54.0 
85.8 
66.8 
17.3 
21.6 
22.0 
0.0 
20.5 
22.5 
5.8 
20.6 
28.0 
18.2 
21 
28 
19 
22 
17 
20 
31 
26 
20 
27 
12.5 
12.8 
17.9 
16.6 
18.9 
15.7 
14.1 
13.4 
18.2 
14.1 
9.4 
8.4 
9.3 
9.9 
10.7 
9.5 
8.2 
9.7 
10.6 
8.4 
2.3 
2.0 
2.5 
2.1 
2.3 
2.4 
2.2 
1.9 
2.9 
2.2 
2.0 
2.1 
2.1 
2.1 
2.7 
1.8 
1.9 
2.0 
2.5 
2.2 
2.7 
2.1 
3.3 
0.0 
2.2 
2.6 
1.8 
2.4 
4.3 
2.1 
X11 
X12 
X13 
X14 
X15 
0.6 
0.7 
0.65 
0.85 
1.2 
51.5 
48.5 
63.8 
34.7 
51.0 
14.5 
12.7 
21.8 
0.0 
0.0 
21 
26 
18 
28 
23 
10.0 
12.7 
12.3 
12.6 
17.8 
6.5 
8.9 
9.3 
7.3 
10.4 
2.1 
2.4 
2.5 
2.1 
2.4 
1.9 
2.1 
1.5 
2.0 
2.2 
2.6 
3.0 
2.9 
0.0 
0.0 Table 1 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)

Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old
  terminal bud 
1  1.2  58.0  14.5  35  13.1  8.1  2.4  2.1  2.3 2  0.9  65.3  17.1  26  14.9  10.7  2.3  1.8  1.8 3  1.15  65.4  11.2  23  14.8  8.5  2.7  2.4  2.5 4  1.05  78.5  22.9  22  21.4  11.3  3.3  2.5  3.1 5  1.1  64.5  18.0  31  13.1  8.3  1.5  1.6  1.9 6  0.9  63.2  22.2  23  17.9  10.9  2.8  2.5  3.0 7  0.9  58.0  14.6  30  12.2  9.3  3.1  1.9  3.3 8  1.2  66.1  14.6  21  15.2  7.8  1.6  2.0  1.9 9  0.9  57.1  17.1  20  13.5  7.9  2.5  2.2 10  1.0  46.6  13.5  24  13.2  9.1  2.8 
2.1 
2.7  2.7 11  0.85  63.0  21.0  27  13.7  8.4  2.6  2.1  3.5 12  0.9  64.5  18.0  27  16.1  10.0  2.3  2.2  2.8 13  0.8  66.3  11.8  14  21.0  11.2  2.8  2.0  2.5 14  0.8  43.1  0.0  19  14.4  9.4  2.6  2.4  0.0 15  0.7  62.5  16.5  17  15.7  10.0  2.7  2.0  2.7 16  1.1  74.5  21.0  24  16.6  11.0  1.9  1.6  2.3 17  0.9  51.7  15.0  20  15.1  9.3  2.0  3.0  2.8 18  0.8  54.5  23.5  20  15.6  10.9  2.6  2.1  3.0 19  0.85  56.5  14.5  24  11.8  6.9  2.1  2.1  1.9 20  0.6  58.6  14.7  23  12.0  7.5  2.0  2.1  2.5 21  0.9  55.4  8.5  25  13.1  7.3  2.4  2.1 22  0.95  66.0  10.0  22 
2.5 
17.1  11.0  2.8  2.3  2.3 23  1.0  54.9  15.6  28  13.9  8.3  2.2  2.8  2.6 24  1.2  60.0  1.0  16  22.0  8.8  2.2  2.7  0.0 25  0.9  44.0  11.0  24  11.7  6.9  1.9  2.3  2.2 Table 1 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud 26  0.9  60.5  11.5  24  16.1  9.4  2.0  1.8  1.9 27  0.7  66.0  19.0  17  13.0  7.8  2.3  2.1  3.1 28  0.9  59.5  15.0  33  3.2 13.8  8.2  2.1  2.1 29  1.2  63.5  20.5  41  14.0  8.0  1.6  1.9  2.5 30  0.8  59.2  8.4  24  16.6  10.3  2.5  2.4  2.7 31  0.7  77.5  21.9  23  16.8  10.2  2.4  2.3  3.1 32  1.2  61.4  9.9  26  20.3  10.1  2.3  2.4  1.9 33  1.1  66.5  13.5  26  17.6  11.8  2.1  2.4  1.9 34  0.6  49.5  14.6  20  10.5  8.5  1.9  2.2  2.8 35  0.7  55.5  16.5  30  13.7  9.3  2.0  1.9  2.4 36  1.0  63.5  20.5  18  16.3  8.8  2.4  2.3  3.3 37  1.0  71.2  13.2  38  19.9  10.8  2.3  2.1  1.6 38  0.8  63.1  11.1  19  13.8  7.8  2.1  1.8  2.3 39  1.1  72.0  21.0  25  19.0  12.2  2.0  2.1  2.0 116  0.8  41.6  10.6  25  11.0  7.7  2.6  2.0  2.2 117  0.6  39.0  0.0  24  19.0  8.6  2.8  2.1  0.0 118  0.8  54.8  10.5  15  14.1  9.3  2.6  2.0  2.4 119  1.0  62.0  16.4  29  15.8  9.4  2.5  2.1  2.7
 120  1.0  57.1  16.9  30  15.7  9.9
  2.2  2.1  2.2 121  1.0  59.0  6.1  20  17.9  9.2  2.8  2.4  1.9
 122  0.9  51.5  12.0  31
  17.0  6.1  1.9  2.1  2.3
 123  0.9  79.0  19.5  22  17.1  8.3  2.4
  2.5  2.6 124  0.8  43.0  9.8  23  13.9  9.3  2.6  2.2  2.7
 125  0.35  45.2  12.6  12  9.7  6.3
  2.7  1.9  4.1 126  0.85  56.1  14.5  25  14.0  8.0  1.8  2.0  2.1 Table 1 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud
127  0.7  50.0  12.4  26  11.7  5.7  2.5  2.5  2.3
128  1.0  50.7  5.3  31  15.5  8.4  2.0  2.4  2.0
129  0.9  53.7  15.5  20  14.1  7.6  2.1  1.9  2.5
130  0.95  70.2  13.2  26  15.4  6.8  2.2  2.1  0.0
131  1.1  57.2  5.0  23  16.6  9.4  2.6  2.3  1.8
132  1.3  72.0  18.8  33  22.8  8.5  2.4  2.3
133  0.9  63.2  20.5  23  17.6  7.0  2.5 
3.1 
2.2  3.5
134  1.0  57.1  15.0  25  14.8  6.5  2.2  2.2  2.7
135  0.7  45.0  14.0  17  12.7  7.0  2.2  2.0  3.1 136  1.1  74.5  20.1  25  16.4  8.1  2.1 2.4  3.2
137  1.05  47.7  7.8  25  17.3  9.6  2.4  2.1  2.2
138  0.7  46.5  13.0  15  13.7  5.7  1.8  2.6  2.1

139  0.6  43.0  15.0  12  12.9  8.8
  2.2  1.3  2.3
140  1.2  68.5  21.0  20  21.6  9.8  2.3  2.5  2.9

141  0.8  66.1  17.6  19  13.3  8.2  2.0
 2.7  3.2
142  0.9  66.2  20.2  20  12.2  8.4  2.5  1.9

143  1.2  71.5  10.5  28  22.6  8.2  2.2 
2.7
 
2.6  2.2
144  0.8  76.0  18.5  24  14.5  8.5  2.3  2.1  3.1

145  1.0  67.0  25.5  26  21.6
  8.5  2.5  2.3  3.1

146  1.0  58.0  16.0  32  14.8  10.1  2.0
 2.3  2.8
147  0.6  35.6  0.9  15  10.2  4.9  2.1  1.8  0.0
148  0.8  39.5  0.0  18  14.3  9.1  2.8  2.4  0.0

149  0.7  48.7  14.0  18  14.8  9.3
  2.7  2.7  3.4

150  0.8  56.1  16.5  28  14.8
  9.2  2.7  2.5  3.1

151  0.7  57.8  15.5  26  12.4  8.2  1.9
 2.7  3.6 Table 1 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud
152  0.95  65.6  12.1  21  17.4  7.3  2.0  2.1  2.0
153  0.8  54.7  11.0  30  13.0  7.9  2.5  2.1  2.5
154  0.75  64.4  18.9  27  13.1  8.9  1.9  1.7  2.3
155  0.7  55.2  13.0  22  11.8  8.1  2.8  1.5  3.3
156  0.95  63.7  20.4  20  15.7  7.5  2.4 2.4  2.5
157  1.0  75.5  25.5  22  17.6  12.5  2.7  2.2  3.6
158  0.95  53.2  9.2  30  13.1  8.8  2.0  2.0  1.7
159  0.9  56.7  8.0  22  17.4  11.0  2.3  2.1  3.1
160  1.0  68.2  19.7  21  21.7  11.1  2.6  2.1  3.5
161  0.7  46.6  14.4  15  13.0  9.5  2.0  1.9  2.6
162  1.2  57.0  9.0  22  22.2  9.4  2.9  2.5  2.6
163  0.8  57.1  14.1  27  12.4  7.5  2.8  2.2  2.6
164  0.9  53.0  10.7  36  13.4  8.5  2.1  2.0  2.3
165  1.2  66.6  13.1  24  13.1  6.0  2.2  2.4  2.5
166  1.1  42.5  0.0  26  17.0  10.2  2.6  2.4  0.0
167  0.9  65.1  11.0  28  15.4  7.0  2.4  2.0  2.1

168  0.7  63.2  25.2  16  11.6  8.3  2.3
  1.6  3.5
169  0.8  60.2  17.2  22  14.3  9.5  2.2  2.3  3.3
170  0.8  62.9  14.1  18  19.7  9.1  2.3  2.0  1.9
171  0.8  68.0  21.5  18  17.4  8.8  3.3  2.5  4.0

172  0.85  52.6  13.9
  19  13.3  8.7  2.2  2.3  2.1

173  1.0  55.0  11.0  33  14.9  10.1  2.3  1.8  2.4

174  1.0  55.2  6.9  33  15.8  9.3  2.3  2.0  2.0

175  1.3  67.5  16.0  26  18.0
  8.2  1.8  2.1  2.4

176  0.65  56.7  22.5  22
  12.8  9.1  2.2 2.7  3.0 Table 1 (continued) 
Seedling 
Number 
177 
178 
179 
180 
181 
182 
Diameter 
(cm) 
1.1 
1.1 
0.9 
0.6 
0.65 
0.6 
Height 
(cm) 
71.8 
72.6 
60.3 
46.9 
42.0 
53.0 
Terminal 
Bud (cm) 
16.1 
18.3 
24.1 
12.7 
9.7 
14.2 
Number of 
Laterals 
22 
21 
20 
29 
21 
24 
Lateral 
Branch (cm) 
18.1 
19.4 
14.6 
11.0 
10.0 
12.3 
Lateral 
Bud (cm) 
6.0 
10.8 
8.5 
8.1 
7.4 
6.7 
Needle Lengths (cm) 
new bud  old  terminal bud 
2.0  2.0  2.4 
1.9  2.4  2.4 
2.5  2.2  4.0 
2.1  1.8  2.3 
2.4  1.7  2.0 
2.5  2.3  2.4 
Means*  I  0.9  I  58.9  14.4  24  I  15.2  8.8  I  2.3  1  2.1  I  2.4 
* n = 121 Table 2  Initial statistics for the 1996 seedlings.  Seedlings X16 X25 were sacrificed at the start of 
the experiment. Seedlings 40-76 were 1996 short term plants in the greenhouse experiment, and 77-115
are the field plants. Lateral branch/bud lengths are an average of twenty (all branches and/or buds were
used if < 20 per tree) random branches and buds. 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud
X16  1.35  67.7  16.8  45  18.1  9.0  1.8  2.2  2.0 X17  1.5  59.5  20.5  32  15.8  10.5  2.4  2.6  2.5 X18  1.2  64.8  19.5  31  21.3  9.8  2.4  2.9  3.4 X19  1.2  71.4  16.2  44  13.8  9.8  2.3  2.0  1.9
 X20  1.5  68.5  21.1  49  18.4  10.6  2.3  2.4
  2.9
X21  1.15  63.0  16.4  46  12.0  7.3  1.8  2.1

X22  1.2  53.3  23.6  30  18.1  10.2 
2.0
 
2.4  2.4  2.7 X23  1.35  52.1  24.6  24  22.0  10.5  2.4  2.7  3.2
 X24  1.05  61.3  21.0
  23  18.4  10.9  2.5  2.7  2.7
 X25  1.25  56.3  21.4  22
  18.1  12.0  2.4  2.6  2.8 40  1.1  62.5  27.5  27  .  . .  . 
41  0.9  55.5  13.3  37  .  .  . .  .
42  1.4  58.1  16.2  39  .  .  . .  .
43  1.5  64.0  17.6  29  .  . .  .  .
44  1.3  67.7  17.0  46  .  .  .
45  1.3 64.7 13.9  23 
.
.  .  . .  .
46  1.4  67.7  17.8  32  .  . .  .  .
47  1.2  60.5  12.4  29  .  .  .  .  .
48  1.1  50.7  16.2  27  .  .  .  . .
49  1.2  57.8  12.7  24  .  .
50  1.2 65.0 25.7  31  . 
.  . 
. .  .  . Table 2 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud 52  1.05  60.7  16.2  29  .  .  .  . 53  1.1  60.2  19.1  18  .  .  . 54  1.2  59.5  20.9  31  .  .  . 55  1.2  68.5  16.9  25  .  .  . 56  1.0  60.1  16.8  24  .  .  . 57  1.05  71.3  24.3  27 .  .  . 58  1.1  58.5  24.1  32  .  . .  . 59  0.95  66.8  26.9  25  . 
.
.  .  .  . 60  1.4  58.1  21.5  35  .  .  .  .  . 61  1.15  45.5  23.4  39  .  .  . 62  1.3 60.2 30.6  26  . 
.
. 
. 
. .  . 63  1.15  61.0  9.4  20  .  .  .  . 64  1.0  58.7 23.3  26  .  .  .
. 
.  . 65  0.85  49.3  10.6  31  .  .  .  . 66  1.0  63.6  22.3  25  . 
.
.  .  . 67  1.1  62.3 20.0  23  .  . 
. 
. .  . 68  1.05  59.7  18.8  25  .  .  .  .  . 69  1.4  69.6  22.1  39  .  .  .  .  . 70  1.15  62.2  16.0  27  .  .  . .  . 71  1.05  54.6  21.7  24  .  .  . .  . 72  1.1  54.0  22.7  25  .  . 73  1.1  58.7 21.0  27  .
.  .  . 
.  . 74  1.2  57.6 21.0  25  . 
.  . 
.  .  .  . Table 2 (continued) 
Seedling  Diameter  Height  Terminal  Number of  Lateral  Lateral  Needle Lengths (cm)
Number  (cm)  (cm)  Bud (cm)  Laterals  Branch (cm)  Bud (cm)  new bud  old  terminal bud
75  0.9  37.2  20.8  17  .  . .  . .
76  0.75  54.3  21.8  24  .  .  . .  .
77  1.25 67.8  21.2  25  .  .  .  .  .
78  0.9 38.5 36.5  27  .  .  .  .  .
79  1.1  48.8  27.1  17  .  . .  .  .
80  1.05  59.2  25.8  25  . .  .  .  . 
81  1.1  65.3 28.7  39  .  .  . .  .
82  1.45  61.6  20.6  32  .  .  .  . .
83  0.95  51.5  23.1  19  .  .  . .  .
84  1.25 68.3  16.6  24  .  .  .  .
85  1.2  56.7  21.4  18  . 
. 
. .  . 
86  1.1  64.0  20.0  27  . 
. 
. .  . .
87  1.35  57.9  21.2  22  .  .  .  .  .
88  1.1  61.6  17.8  24  .  .  .  . .
89  0.95  56.9  19.7  23  .  .  . .  .
90  0.85 58.4  18.1  33  .  .  . .  .
91  1.1  61.0 16.6  29  .  .  .  .  .
92  1.2  67.2  13.6  28  .  . .  .  .
93  1.3  67.3  23.1  30  .  .  . .  .
94  1.1  67.7  22.3  19  .  . .  . 
95  1.0  56.3  18.5  28  . 
.
.  .  .  .
96  1.35  59.6  20.6  35  . . .  .
97  1.2 61.4  19.1  36 
.
.  .  . . . 
98  1.0  62.3  20.6  40  .  .  .  . . Table 2 (continued) 
Seedling 
Number 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
Diameter 
(cm) 
1.05 
1.2 
1.1 
0.9 
1.35 
1.05 
1.05 
1.15 
1.2 
1.15 
0.95 
Height 
(cm) 
61.5 
67.7 
59.4 
59.6 
55.3 
58.7 
63.0 
56.7 
61.6 
58.0 
50.4 
Terminal 
Bud (cm) 
14.6 
20.1 
21.9 
18.5 
26.3 
18.9 
16.6 
16.8 
15.6 
23.0 
16.2 
Number of 
Laterals 
24 
28 
28 
21 
20 
46 
37 
25 
42 
27 
29 
Lateral 
Branch (cm) 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
Lateral 
Bud (cm) 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
Needle Lengths (cm) 
new bud  old  terminal bud 
.  .  . 
.  .  . 
. 
. 
. 
.  .  . 
.  .  . 
.  .  . 
.  .  . 
.  .  . 
110 
111 
112 
113 
114 
115 
1.1 
1.1 
1.15 
1.3 
1.2 
1.05 
67.9 
62.4 
60.8 
62.4 
52.2 
65.0 
22.3 
25.2 
32.9 
16.9 
20.0 
22.2 
30 
29 
32 
60 
27 
35 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
Means  1.1*  I  59.4*  20.0*  I  29*  I  17.6**  10.1"  2.3**  2.5**  I  2.6** 
* n = 86 
** n = 10 Appendix B :  Final Douglas-fir Seedling Dimensions 
Table 1  Final statistics for the 1995 seedlings. Seedlings X1-X15 were sacrificed at the start of the experiment.
Seedlings 1-39 were 1995 short term plants,116-125 two year controls, 126-153 long term aphid feeding plants,
and 154-182 recovery plants. 
Table la End root and shoot volumes were determined by water displacement. Lateral branch/bud lengths are an
average of ten random branches and buds. 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
X1  68.75  18.70  11.23  3.03  0.80  55.3  17.3  12.5  21  9.4 X2  62.50  25.80  13.53  5.61  0.80  65.6  21.6  12.8  28  8.4 X3  87.50  50.00  19.33  12.89  0.90  58.1  22.0  17.9  19  9.3 X4  87.50  40.00  19.73  11.76  0.85  46.0  0.0  16.6  22  9.9 X5  115.00  40.00  25.83  10.92  1.10  71.5  20.5  18.9  17  10.7 X6  112.50  44.35  21.23  11.56  0.95  64.5  22.5  15.7  20 X7  100.00  40.00  22.73  13.48  1.10  54.0  5.8 
9.5 
14.1  31  8.2 X8  87.50  35.80  16.23  8.06  0.90  54.0  20.6  13.4  26  9.7 X9  137.50  68.70  32.13  18.54  1.00  85.8  28.0  18.2  20  10.6 X10  100.00  40.00  23.83  12.45  1.10  66.8  18.2  14.1  27  8.4 X11  25.00  17.30  7.23  3.00  0.60  51.5  14.5  10.0  21  6.5 X12  43.75  15.80  9.83  3.28  0.70  48.5  12.7  12.7  26  8.9 X13  37.50  18.70  9.63  3.54  0.65  63.8  21.8  12.3  18  9.3 X14  68.75  30.00  17.73  8.10  0.85  34.7  0.0  12.6  28  7.3 X15  137.50  51.50  29.13  12.84  1.20  51.0  0.0  17.8  23  10.4 
1  137.50  69.60  39.63  15.18  1.30  69.5  25.4  15.9  35  10.6 2  87.50  66.70  25.32  16.14  1.10  69.1  20.5  16.7  25  10.8 3  112.50  92.80  34.75  23.04  1.30  66.4  12.2  16.8  23  10.0 5
10
15
20
25
30
Table 1a (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral 
Number 
4 
6 
7 
8 
9 
Volume 
137.50 
112.50 
118.75 
112.50 
112.50 
87.50 
87.50 
Volume 
113.10 
68.15 
116.00 
76.85 
116.00 
39.15 
43.50 
Weight (gr) 
49.99 
32.07 
35.30 
27.66 
37.56 
23.25 
23.93 
Weight (gr) 
26.45 
18.75 
26.29 
18.82 
30.27 
23.11 
26.89 
(cm) 
1.30 
1.20 
1.10 
1.10 
1.30 
1.10 
1.10 
(cm) 
82.5 
66.2 
68.6 
77.2 
76.7 
74.0 
54.3 
Bud (cm) 
26.8 
19.7 
27.6 
32.7 
24.5 
33.5 
20.8 
Branch (cm) 
21.7 
14.1 
21.2 
13.9 
16.5 
16.5 
14.7 
Laterals 
22 
31 
22 
30 
22 
20 
23 
Bud (cm) 
14.5 
10.2 
10.8 
10.6 
9.3 
11.2 
9.8 
11 
12 
13 
14 
16 
17 
18 
19 
21 
22 
23 
24 
26 
27 
28 
29 
31 
100.00 
125.00 
100.00 
56.25 
75.00 
137.50 
87.50 
68.75 
68.75 
56.25 
81.25 
112.50 
112.50 
150.00 
75.00 
112.50 
56.25 
125.00 
150.00 
100.00 
68.75 
84.10 
118.90 
55.10 
49.30 
47.85 
84.10 
55.10 
44.95 
31.90 
40.60 
43.50 
78.30 
94.25 
72.50 
43.50 
72.50 
34.80 
66.70 
92.80 
75.40 
46.40 
20.80 
32.91 
26.62 
16.38 
20.96 
38.31 
25.40 
17.41 
18.83 
17.55 
25.15 
32.86 
25.94 
36.54 
20.13 
31.33 
16.47 
24.43 
37.06 
23.66 
21.79 
11.11 
26.29 
11.04 
9.27 
11.12 
18.42 
12.88 
9.12 
6.81 
8.91 
13.75 
19.56 
19.01 
16.44 
10.13 
15.49 
7.47 
16.85 
20.68 
16.46 
11.47 
1.00 
1.15 
1.00 
0.85 
0.85 
1.20 
1.00 
0.90 
1.00 
0.85 
1.00 
1.10 
1.00 
1.20 
1.05 
1.10 
0.90 
0.90 
1.20 
0.95 
0.80 
65.5 
65.7 
80.2 
51.7 
93.6 
76.0 
53.1 
59.2 
59.3 
61.9 
62.5 
72.0 
58.1 
59.7 
45.3 
77.5 
68.0 
60.9 
67.1 
65.2 
87.7 
22.5 
19.2 
25.4 
10.2 
46.7 
22.6 
16.1 
27.5 
17.4 
16.4 
15.1 
16.3 
19.2 
1.1 
11.1 
27.4 
20.9 
15.9 
24.1 
14.7 
32.1 
15.2 
16.2 
25.5 
15.7 
18.4 
17.5 
15.7 
17.2 
12.1 
13.2 
15.1 
17.9 
15.4 
22.2 
11.7 
20.5 
14.1 
16.1 
14.6 
17.6 
21.0 
27 
28 
14 
20 
17 
23 
20 
20 
24 
23 
23 
23 
28 
17 
25 
24 
18 
34 
39 
28 
24 
10.6 
11.6 
14.3 
10.8 
12.8 
13.2 
9.9 
12.1 
6.8 
8.6 
9.3 
12.5 
9.8 
8.5 
7.4 
12.6 
8.0 
8.8 
10.7 
12.5 
13.9 Table la (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm) 32  175.00  124.70  48.49  30.07  1.30  69.6  18.5  20.3  28  11.0 33  125.00  78.30  33.76  15.47  1.20  71.7  17.5  18.8  26  12.8 34  37.50  26.10  11.25  6.18  0.75  59.5  24.2  13.6  21  11.6 35  75.00  36.25  19.56  9.89  0.90  69.2  29.7  18.9  30  14.0 36  100.00  24.65  29.02  7.97  1.10  67.0  25.1 .  . 37  137.50  72.50  37.88  19.44  1.10  76.7  18.2  22.0 
. 
37  15.6 38  93.75  44.95  23.26  9.68  0.95  69.4  16.9  15.2  19  9.8 39  131.25  89.90  34.10  22.81  1.15  79.3  28.5  18.9  25  14.2 116  75.00  40.00  38.85  30.42  1.40  77.2  30.8  15.1  25  5.5 117  181.25  65.00  63.24  69.69  1.60  104.1  26.5  21.7  24  6.0 118  162.50  50.00  63.68  57.92  1.60  101.7  23.0  18.4  12  10.8 119  218.75  157.50  90.05  84.71  1.70  76.7  12.1  22.5  24  7.6 120  225.00  145.00  84.87  214.80  1.95  71.8  13.5  21.0  39  9.7 121  187.50  225.00  71.78  224.46  1.70  86.0  15.9  23.2  12  9.7 122  187.50  110.00  76.77  131.83  1.65  73.7  15.1  20.9  26  7.7 123  250.00  242.50  96.03  240.06  1.85  105.8  19.3  21.4  33  9.4 124  212.50  75.00  80.02  73.24  1.55  78.0  21.2  23.3  20  5.7 125  68.75  35.00  26.71  30.49  1.10  57.4  12.6  15.7  22  9.4 126  175.00  125.00  60.08  71.40  1.60  72.3  17.2  18.6  30  8.9 127  87.50  75.00  37.37  22.30  1.15  75.0  22.9  14.7  10  5.7 128  162.50  156.25  60.64  131.72  1.80  67.0  8.7  17.3  40  5.3 129  193.75  106.25  74.30  106.54  1.70  75.6  17.7  21.5  21  6.0 130  150.00  212.50  58.71  96.77  1.60  77.1  4.3  18.3  29  4.6 131  181.25  187.50  71.61  93.25  1.80  82.6  18.3  24.8  28  8.0 132  200.00  637.50  77.44  392.32  1.90  75.5  4.8  13.9  15  3.0 133  131.25  337.50  48.62  153.94  1.50  70.7  1.7  16.6  20  5.6 134  200.00  137.50  68.65  71.07  1.60  88.9  15.4  18.7  40  8.1 135  81.25  62.50  31.70  21.83  1.30  45.4  0.0  17.4  16  4.2 Table 1a (continued)
 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal
  Lateral  Number of  Lateral
Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
136  187.50  275.00  74.33  141.74  1.70  79.5  5.5  20.7  39  6.2 137  187.50  162.50  61.96  70.71  1.90  65.7  18.5  22.3  25  7.4 138  75.00  62.50  28.34  24.54  1.15  61.6  14.6  14.8  11  4.8 139  43.75  37.50  17.60  12.94  0.90  47.6  5.5  12.1  18  9.7 140  212.50  312.50  75.21  159.87  1.70  70.3  3.2  21.4  4  2.6
141  150.00  225.00  57.43  115.05  1.45  72.8  9.0  17.6  24  6.3
142  156.25  93.75  63.43  38.26  1.60  90.8  14.8  19.7  14  5.8 143  275.00  393.75  95.71  292.79  1.70  74.6  5.5  17.9  34  6.4 144  156.25  287.50  57.94  152.08  1.30  86.3  8.3  21.0  37  3.4 145  181.25  250.00  62.42  124.91  1.50  78.8  9.1  14.5  25  7.2 146  137.50  225.00  56.04  110.24  1.40  86.2  27.0  17.9  28  6.5 147  75.00  43.75  25.45  21.74  1.05  51.3  11.5  19.4  13  6.2 148  175.00  118.75  62.83  52.84  1.65  82.4  21.1  21.8  22
149  125.00  112.50  44.12  31.08  1.30  66.5 
8.0 
5.7  19.5  28  5.4 150  212.50  112.50  78.41  43.57  1.55  72.0  14.0  22.1  44  6.0
151  137.50  75.00  51.33  31.33  1.25  85.1  16.7  26.0  48  8.0 152  162.50  112.50  59.36  47.71  1.40  74.7  7.2  20.0  27  4.7
153  193.75  150.00  73.66  70.01  1.60  87.0  16.5  23.2  20  8.7 154  212.50  156.25  78.99  92.94  1.65  77.2  9.8  18.6  32  8.5 155  106.25  56.25  34.17  28.64  1.25  84.4  28.2  19.4  26  12.1 156  212.50  187.50  75.18  98.79  1.55  86.3  23.9  21.0  19  7.9
157  200.00  187.50  77.85  110.03  1.85  95.8  15.8  13.6  22  8.0
158  93.75  275.00  37.16  192.31  1.45  57.0  3.1  9.8  14  2.8 159  187.50  125.00  71.66  58.13  1.60  80.9  5.7  21.0  24  5.3
180  175.00  181.25  65.50  63.69  1.50  68.0  0.0  17.2  18  6.6
161  150.00  75.00  47.33  40.47  1.35  89.7  34.2  18.3  24  10.9 162  175.00  625.00  67.29  422.40  1.75  67.2  5.2  22.9  18  4.0 Table la (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral 
Number 
163 
Volume 
112.50 
Volume 
112.50 
Weight (gr) 
40.85 
Weight (gr) 
44.72 
(cm) 
1.15 
(cm) 
70.0 
Bud (cm) 
9.8 
Branch (cm) 
14.5 
Laterals 
23 
Bud (cm) 
4.5 
164 
165 
166 
162.50 
200.00 
281.25 
150.00 
125.00 
325.00 
60.49 
78.09 
93.21 
79.23 
61.39 
234.85 
1.45 
1.75 
1.60 
74.4 
82.5 
84.2 
17.2 
16.1 
20.7 
18.8 
16.0 
23.8 
28 
22 
27 
7.1 
5.2 
9.7 
167  187.50  250.00  69.02  151.25  1.60  84.4  16.0  14.1  31  6.7 
168  162.50  62.50  61.94  32.60  1.40  111.7  33.7  18.4  14  9.7 
169  162.50  125.00  63.96  65.97  1.50  80.9  21.5  15.7  30  9.7 
170 
171 
172 
173 
174 
168.75 
193.75 
118.75 
200.00 
200.00 
200.00 
162.50 
87.50 
106.25 
287.50 
68.27 
73.18 
46.91 
79.61 
71.61 
114.52 
78.62 
46.50 
47.90 
182.58 
1.40 
1.65 
1.35 
1.70 
1.80 
75.1 
83.9 
67.7 
81.9 
77.0 
11.4 
16.1 
10.1 
19.2 
13.8 
16.1 
18.4 
15.1 
18.9 
18.9 
25 
33 
17 
40 
18 
3.6 
7.6 
7.0 
7.7 
5.1 
175 
176 
243.75 
125.00 
250.00 
75.00 
87.94 
43.19 
156.97 
34.72 
1.75 
1.35 
71.9 
80.1 
4.7 
6.4 
15.5 
17.8 
14 
15 
4.6 
5.1 
177 
178 
179 
187.50 
175.00 
137.50 
150.00 
275.00 
62.50 
73.90 
67.92 
49.85 
82.38 
168.04 
23.22 
1.80 
1.45 
1.35 
82.2 
80.5 
78.6 
11.1 
10.0 
9.3 
19.7 
12.8 
19.6 
28 
15 
26 
6.5 
4.2 
9.3 
180  75.00  62.50  27.62  26.58  1.15  64.1  15.8  14.0  21  4.9 
181 
182 
75.00 
125.00 
37.50 
162.50 
29.80 
46.20 
14.61 
70.51 
1.20 
1.35 
51.7 
75.5 
6.1 
13.2 
12.5 
15.5 
22 
29 
5.7 
6.4 94 
Table lb Needle lengths and densities for 1995 seedlings.  Needle length is an 
average of five random needles from the respective plant section. Needle density 
is calculated from two randomly selected 2cm branch sections. 
Seedling  Needle Lengths (cm)  Needle Density / cm 
Number  new bud  old  terminal bud  new bud  old  terminal 
X1  2.3  2.0  2.7  22  7  18 
X2  2.0  2.1  2.1  14  7  16 
X3  2.5  2.1  3.3  11  16  16 
X4  2.1  2.1  0.0  18  7  0 
X5  2.3  2.7  2.2  16  9  16 
X6  2.4  1.8  2.6  16  9  17 
X7  2.2  1.9  1.8  26  7  35 
X8  1.9  2.0  2.4  19  10  26 
X9  2.9  2.5  4.3  16  7  20 
X10  2.2  2.2  2.1  18  8  20 
X11  2.1  1.9  2.6  21  9  21 
X12  2.4  2.1  3.0  15  9  20 
X13  2.5  1.5  2.9  13  8  17 
X14  2.1  2.0  0.0  16  11  0 
X15  2.4  2.2  0.0  18  8  0 
1  2.1  2.4  2.3  16  10  13 
2  2.3  1.7  2.1  13  11  23 
3  2.3  2.3  3.9  23  5  22 
4  2.8  2.9  3.3  17  7  14 
5  2.0  2.0  1.9  26  11  28 
6  2.4  2.1  2.7  16  7  15 
7  .  .  .  18  8  13 
8  2.0  2.1  2.1  20  7  17 
9  2.2  2.0  2.7  12  12  16 
10  2.8  2.4  3.1  20  4  17 
11  2.5  2.2  3.2  14  6  13 
12  2.6  2.5  2.9  20  8  22 
13  3.2  2.4  2.6  11  7  9 
14  3.1  2.4  2.4  14  8  11 
15  2.5  2.2  2.9  15  9  10 
16  2.1  2.1  2.6  16  9  22 
17  2.6  2.6  2.6  16  8  21 
18  2.7  2.5  2.6  17  9  16 
19  2.5  2.2  2.0  18  6  20 
20  2.1  2.2  2.4  20  6  19 
21  3.0  2.2  2.4  25  8  21 
22  2.9  2.1  2.3  19  6  11 
23  2.4  2.8  2.5  18  10  24 
24  2.5  2.8  0.0  15  7  0 
25  2.0  2.6  2.3  22  8  28 
26  2.3  2.0  2.2  17  6  11 
27  2.4  2.5  3.2  17  6  18 
28  2.6  2.3  3.0  17  9  20 
29  2.2  2.0  2.5  22  11  27 95 
Table lb (continued) 
Seedling 
Number 
Needle 
new bud 
Lengths (cm) 
old  terminal bud 
Needle 
new bud 
Density terminal 
old  bud 
30  2.7  2.5  2.8  17  6  9 
31  2.5  2.3  3.0  12  7  12 
32  2.7  2.0  1.8  24  5  26 
33  2.3  2.4  2.0  22  5  30 
34  2.0  2.0  2.6  14  6  12 
35  2.0  2.1  2.0  11  9  12 
36  19  8  19 
37  2.4  2.6  1.8  16  6  29 
38  2.3  2.3  2.3  25  7  22 
39  2.3  2.3  2.6  15  4  15 
116  1.8  2.9  10  11  5 
117  2.0  .  3.1  15  9  13 
118  2.2  .  2.3  12  15  12 
119  2.4  .  2.1  20  12  10 
120  2.5  .  1.7  16  15  21 
121  4.1  4.1  11  12  10 
122  2.7  .  2.9  15  9  15 
123  3.5  .  3.8  19  16  15 
124  2.2  .  2.7  11  14  43 
125  2.7  .  2.8  15  15  13 
126  2.0  2.2  19  14  15 
127  2.3  .  2.8  8  12  8 
128  2.0  .  1.9  15  16  24 
129  2.1  2.6  25  14  23 
130  1.9  1.3  24  15  41 
131  2.2  2.3  14  11  7 
132  1.9  1.6  25  12  43 
133  5.5  2.0  20  11  20 
134  2.0  2.8  8  10  10 
135  2.0  0.0  23  16  0 
136  1.9  1.7  13  16  32 
137  1.6  2.1  14  9  9 
138  1.6  2.1  20  11  11 
139  1.1  0.0  35  14  0 
140  1.0  .  1.4  28  15  16 
141  2.0  .  1.5  15  21  32 
142  1.3  2.5  20  7  15 
143  1.7  .  1.2  45  13  66 
144  2.4  .  2.2  15  11  10 
145  1.5  .  1.8  22  9  19 
146  2.4  2.4  17  13  7 
147  2.2  2.3  10  8  12 
148  3.1  3.5  10  9  12 
149  2.1  .  1.9  18  11  15 96 
Table lb (continued) 
Seedling 
Number 
Needle 
new bud 
Lengths (cm) 
old  terminal bud 
Needle 
new bud 
Density / cm 
old  terminal 
150  2.4  .  2.7  10  13  9 
151  2.3  .  2.5  9  12  13 
152  1.9  .  1.8  27  11  32 
153  2.5  .  2.7  12  13  9 
154  1.9  .  1.5  24  16  11 
155  2.5  .  3.2  8  5  7 
156  1.9  .  2.3  14  .  16 
157  2.3  .  3.4  16  10  13 
158  1.3  .  1.3  31  16  28 
159  1.8  .  2.3  20  6  14 
160  2.0  .  0.0  17  10  0 
161  2.4  .  2.5  7  13  7 
162  1.8  .  0.0  22  12  0 
163  1.5  .  2.0  16  9  12 
164  2.1  .  2.2  18  13  9 
165  2.5  .  2.1  17  17  14 
166  2.8  .  2.9  20  11  17 
167  2.6  .  3.0  13  11  9 
168  2.1  .  2.9  11  9  6 
169  2.2  .  3.0  15  13  10 
170  1.5  .  2.1  29  15  26 
171  2.5  .  2.2  19  10  12 
172  1.9  .  2.7  13  10  9 
173  1.9  .  2.2  16  12  7 
174  1.6  .  2.0  13  14  11 
175  1.1  .  1.1  20  13  24 
176  2.4  .  2.1  15  13  8 
177  2.2  .  2.2  16  12  16 
178  1.8  .  2.2  25  13  20 
179  2.6  .  2.2  9  13  23 
180  1.7  .  2.6  10  10  6 
181  2.1  .  2.9  13  14  15 
182  2.2  .  2.5  13  12  13 Table 2 final statistics for the 1996 seedlings.  Seedlings X16 - X25 were sacrificed at the start of the 
the experiment. Seedlings 40-76 were 1996 short term plants in the greenhouse experiment, and 77-115
are the field plants. 
Table 2a End root and shoot volumes for 1996 seedlings were determined by water displacement.  Lateral branch and bud
lengths are an average of ten random branches and buds. 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral
Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
X16  225.00  100.00  43.86  21.17  1.35  67.7  16.8  18.1  45  9.0 X17  237.50  75.00  56.83  26.70  1.50  59.5  20.5  15.8  32
X18  150.00  93.75  44.03  31.67  1.20  64.8 
10.5 
19.5  21.3  31  9.8 X19  150.00  50.00  29.58  10.14  1.20  71.4  16.2  13.8  44  9.8 X20  225.00  125.00  55.11  35.97  1.50  68.5  21.1  18.4  49  10.6 X21  112.50  62.50  28.45  14.32  1.15  63.0  16.4  12.0  46  7.3 X22  137.50  62.50  39.37  12.71  1.20  53.3  23.6  18.1  30  10.2 X23  175.00  56.25  44.15  23.13  1.35  52.1  24.6  22.0  24  10.5 X24  100.00  43.75  32.79  32.79  1.05  61.3  21.0  18.4  23  10.9 X25  137.50  100.00  33.94  20.57  1.25  56.3  21.4  18.1  22  12.0 40  156.25  81.25  61.54  34.40  1.25  89.8  27.3  23.8  27  11.6 41  62.50  37.50  26.00  10.88  0.95  69.3  13.3  14.2  34  7.8 42  168.75  100.00  61.43  43.41  1.50  74.2  16.1  20.1  39  11.3 43  200.00  212.50  70.80  88.08  1.55  81.5  17.5  24.3  28  8.4 44  200.00  81.25  65.21  52.85  1.50  84.7  17.0  18.1  48  9.9 45  143.75  75.00  53.41  30.15  1.35  78.5  13.9  21.1  23  8.5 46  212.50  162.50  80.06  101.48  1.50  86.0  18.2  20.1  32  9.7 47  150.00  100.00  50.62  40.01  1.45  73.4  12.4  .  27  . 48  112.50  75.00  47.92  36.88  1.35  68.9  18.4  20.9  28  11.4 49  137.50  75.00  48.13  37.85  1.30  69.5  12.0  22.6  24  7.8 50  168.75  100.00  57.13  36.71  1.15  91.6  26.3  21.6  31  13.1 51  212.50  100.00  68.98  49.50  1.40  79.2  13.9  25.3  33  12.3 Table 2a (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral
Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
52  125.00  62.50  45.48  25.88  1.10  76.8  16.4  22.0  29  9.7 53  106.25  50.00  35.02  19.26  1.10  80.3  19.3  19.2  18  9.2
54  125.00  50.00  48.90  17.01  1.40  81.8  21.0  24.3  27  12.7 55  143.75  62.50  51.74  29.11  1.45  85.1  16.8  22.6  26  10.9 56  150.00  62.50  52.77  31.18  1.25  77.9  16.9  23.2  24  9.5 57  150.00  81.25  58.80  32.66  1.20  96.2  24.5  25.3  27  10.0 58  125.00  50.00  44.54  22.87  1.20  85.9  26.4  19.4  31
59  125.00  43.75  42.80  21.57  1.10  94.7  27.0  19.4 
11.9 
25  10.6 60  212.50  118.75  76.36  59.19  1.45  79.8  21.7  27.6  36  13.0
61  156.25  75.00  49.20  41.95  1.20  69.7  23.4  18.1  39  12.5 62  162.50  81.25  55.22  38.56  1.35  90.4  30.2  25.6  27  13.8 63  112.50  56.25  39.44  26.17  1.15  71.2  9.4  21.8  21  10.0
64  125.00  62.50  41.66  23.68  1.10  81.4  23.1  23.1  27  11.6 65  50.00  37.50  18.33  13.25  0.90  60.5  10.4  10.6  30
66  150.00  75.00  54.06  32.43  1.20  85.6 
8.1 
22.4  22.5  24  10.7 67  100.00  50.00  35.27  15.55  1.05  82.2  19.8  16.2  23  9.7 68  118.75  56.25  46.96  24.88  1.05  78.8  19.1  20.8  25  10.2 69  187.50  93.75  67.82  44.49  1.45  91.0  21.7  20.2  39  11.2 70  112.50  62.50  40.48  33.36  1.20  78.8  16.4  18.6  26  8.3
71  87.50  50.00  34.04  16.83  1.05  76.2  21.5  20.6  23  10.6
72  125.00  75.00  45.58  33.17  1.30  77.5  23.1  24.6  25  10.4
73  137.50  62.50  45.74  26.15  1.20  80.7  21.3  18.6  26  10.9
74  143.75  62.50  48.79  33.26  1.25  79.0  21.1  21.6  25  12.0 75  81.25  37.50  25.47  13.59  0.90  59.1  20.8  16.2  19  10.0 76  88.75  31.25  24.15  10.58  0.85  75.8  21.7  14.0  23  10.6
77  150.00  56.25  56.13  23.81  1.50  90.3  21.5  21.6  25  10.8
78  81.25  43.75  29.32  14.32  1.35  76.3  37.8  12.7  17  9.3
79  100.00  62.50  35.65  21.46  1.20  77.2  28.4  16.6  27  11.9 Table 2a (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral
Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
80  100.00  50.00  40.28  21.44  1.20  86.6  25.6  19.2  25  11.0
81  118.75  62.50  49.44  25.58  1.25  94.9  29.3  22.8  42  11.0 82  187.50  137.50  87.38  55.40  1.60  82.8  20.8  34.2  31  12.7
83  137.50  62.50  55.50  30.07  1.10  80.1  23.2  26.0  19  11.8 84  162.50  75.00  63.98  28.83  1.45  85.7  16.9  21.6  24  9.0 85  118.75  125.00  49.92  69.00  1.30  78.5  21.6  22.0  16  12.0 86  137.50  100.00  53.61  42.11  1.30  84.5  20.3  18.1  27  11.5 87  162.50  75.00  56.06  37.18  1.50  79.3  21.1  22.9  22  9.9
88  143.75  75.00  55.04  38.43  1.30  80.0  18.0  20.9  24  10.5 89  87.50  75.00  34.95  26.56  1.05  77.0  19.2  15.8  23  9.7 90  62.50  62.50  26.31  23.56  1.00  77.6  18.2  11.6  33  9.3
91  143.75  50.00  55.22  23.36  1.35  78.3  16.6  19.5  30  10.7 92  200.00  137.50  74.21  50.09  1.40  81.3  13.9  26.2  28
93  175.00  62.50  68.24  28.23  1.40  90.0 
8.6 
23.3  28.8  30  10.8 94  112.50  87.50  41.89  35.40  1.20  89.6  22.1  22.3  19  12.0
95  125.00  100.00  43.94  30.62  1.30  74.3  18.0  15.3  28  11.7 96  175.00  125.00  77.83  60.23  1.40  79.9  20.6  19.4  35  11.8 97  187.50  118.75  62.94  48.10  1.55  85.1  22.7  17.4  34  9.6
98  112.50  75.00  44.38  26.17  1.10  83.6  20.7  17.8  40  11.8 99  87.50  62.50  38.72  19.96  1.15  78.0  16.5  17.7  26  9.0
100  137.50  75.00  56.39  41.88  1.50  88.2  20.5  18.7  28  11.6
101  118.75  75.00  44.69  29.14  1.20  81.0  21.6  21.0  30  11.0
102  75.00  50.00  31.61  22.32  1.10  79.4  19.1  17.2  22  9.6
103  156.25  162.50  63.17  97.02  1.50  82.3  26.3  23.6  21  11.8
104  131.25  62.50  53.25  31.19  1.20  76.7  18.9  14.5  46  11.6
105  125.00  87.50  52.83  33.69  1.30  80.4  16.5  17.3  38  10.3
106  125.00  81.25  50.00  35.46  1.50  74.6  16.4  21.8  24  11.4
107  150.00  75.00  59.15  34.68  1.20  77.6  16.2  17.5  42  9.9 Table 2a (continued) 
Seedling  Shoot  Root  Shoot Dry  Root Dry  Diameter  Height  Terminal  Lateral  Number of  Lateral
Number  Volume  Volume  Weight (gr)  Weight (gr)  (cm)  (cm)  Bud (cm)  Branch (cm)  Laterals  Bud (cm)
108  162.50  112.50  53.62  49.84  1.40  81.2  23.0  21.7  25  12.3 109  87.50  50.00  30.94  14.26  1.10  66.3  16.2  15.5  29  11.2 110  112.50  81.25  41.09  37.50  1.20  91.5  22.1  19.0  29  11.1 111  112.50  62.50  41.16  27.71  1.20  88.1  24.9  15.0  29
112  137.50  75.00  55.22  29.59  1.40  94.3 
10.6 
32.9  21.7  31  13.6 113  181.25  106.25  65.72  50.14  1.55  79.6  16.8  18.6  61  11.4 114  150.00  100.00  60.46  52.48  1.50  74.1  19.8  21.3  27  13.2 115  125.00  87.50  47.57  46.59  1.30  88.9  22.7  18.7  34  11.7 101 
Table 2b Needle lengths and densities for 1996 seedlings.  Needle length is an 
average of five random needles from the respective plant section. Needle density 
is calculated from two randomly selected 2cm branch sections. 
Seedling 
Number 
Needle 
new bud 
Lengths (cm) 
old  terminal bud 
Needle 
new bud 
Density terminal 
old  bud 
X16  1.8  2.2  2.0  13  13  14 
X17  2.4  2.6  2.5  17  5  17 
X18  2.4  2.9  3.4  13  4  16 
X19  2.3  2.0  1.9  18  5  17 
X20  23.0  24.0  29.0  19  6  18 
X21  1.8  2.1  2.0  16  6  18 
X22  2.4  2.4  2.7  18  8  12 
X23  2.4  2.7  3.2  14  5  14 
X24  2.5  2.7  2.7  13  5  13 
X25  2.4  2.6  2.8  12  7  13 
40  50.0  12.5  15.0  13  4  11 
41  58.0  14.5  32.0  15  8  18 
42  46.0  11.5  19.0  12  5  14 
43  60.0  15.0  23.0  15  6  13 
44  66.0  16.5  28.0  17  7  15 
45  42.0  10.5  22.0  11  6  13 
46  64.0  16.0  23.0  16  6  19 
47  60.0  15.0  12.0  15  3  19 
48  52.0  13.0  23.0  13  6  10 
49  58.0  14.5  20.0  15  5  15 
50  64.0  16.0  21.0  16  5  16 
51  90.0  22.5  21.0  23  5  21 
52  65.0  16.3  18.0  16  5  15 
53  76.0  19.0  13.0  19  3  19 
54  55.0  13.8  15.0  14  4  14 
55  78.0  19.5  28.0  20  7  20 
56  54.0  13.5  14.0  14  4  16 
57  64.0  16.0  21.0  16  5  12 
58  53.0  13.3  20.0  13  5  12 
59  62.0  15.5  24.0  16  6  13 
60  61.0  15.3  16.0  15  4  11 
61  47.0  11.8  11.0  12  3  11 
62  62.0  15.5  18.0  16  5  17 
63  66.0  16.5  26.0  17  7  28 
64  58.0  14.5  22.0  15  6  13 
65  55.0  13.8  25.0  14  6  19 
66  73.0  18.3  19.0  18  5  14 
67  47.0  11.8  21.0  12  5  10 
68  47.0  11.8  24.0  12  6  14 
69  72.0  18.0  17.0  18  4  17 
70  55.0  13.8  38.0  14  10  15 
71  65.0  16.3  24.0  16  6  17 
72  62.0  15.5  17.0  16  4  12 
73  77.0  19.3  19.0  19  5  19 102 
Table 2b (continued) 
Seedling 
Number 
Needle 
new bud 
Lengths (cm) 
old  terminal bud 
Needle 
new bud 
Density / cm 
old  terminal 
75  57.0  14.3  41.0  14  10  12 
76  76.0  19.0  10.0  19  3  21 
77  53.0  13.3  18.0  13  5  13 
78  53.0  13.3  56.0  13  14  14 
79  56.0  14.0  22.0  14  6  12 
80  65.0  16.3  21.0  16  5  12 
81  50.0  12.5  23.0  13  6  11 
82  55.0  13.8  19.0  14  5  12 
83  47.0  11.8  23.0  12  6  8 
84  83.0  20.8  16.0  21  4  22 
85  56.0  14.0  29.0  14  7  14 
86  62.0  15.5  26.0  16  7  14 
87  73.0  18.3  37.0  18  9  14 
88  68.0  17.0  16.0  17  4  13 
89  69.0  17.3  23.0  17  6  19 
90  52.0  13.0  34.0  13  9  14 
91  56.0  14.0  24.0  14  6  16 
92  81.0  20.3  18.0  20  5  16 
93  56.0  14.0  20.0  14  5  16 
94  72.0  18.0  30.0  18  8  15 
95  66.0  16.5  23.0  17  6  20 
96  76.0  19.0  19.0  19  5  13 
97 
98 
85.0 
67.0 
21.3 
16.8 
27.0 
24.0 
21 
17 
7 
6 
13 
13 
99  56.0  14.0  19.0  14  5  14 
100  74.0  18.5  34.0  19  9  23 
101  53.0  13.3  32.0  13  8  16 
102  46.0  11.5  33.0  12  8  12 
103 
104 
105 
60.0 
63.0 
80.0 
15.0 
15.8 
20.0 
28.0 
21.0 
32.0 
15 
16 
20 
7 
5 
8 
15 
18 
17 
106  74.0  18.5  32.0  19  8  19 
107  65.0  16.3  22.0  16  6  22 
108  71.0  17.8  17.0  18  4  17 
109 
110 
76.0 
57.0 
19.0 
14.3 
21.0 
16.0 
19 
14 
5 
4 
17 
18 
111  75.0  18.8  30.0  19  8  18 
112 
113 
114 
115 
67.0 
71.0 
84.0 
34.0 
16.8 
17.8 
21.0 
8.5 
25.0 
26.0 
23.0 
30.0 
17 
18 
21 
9 
6 
7 
6 
8 
15 
16 
16 
15 103 
Appendix C: Aphid Population Counts 
Table 1 Aphid population counts and adjustments made for each plant. The 'Day' 
category refers to the number of days after the test started that the aphid 
population count was taken. The first number in each seedlings' column is
the number of aphids on the plant on the day of the count and the second 
number refers to the number of aphids added or removed from the plant at
that time. Seedlings numbered 1-39 are the 1995 short term greenhouse 
plants, 40-76 are the short term 1996 greenhouse plants and 77-115 are
the 1996 field plants. 
Table la 1995 short term test aphid counts. 
Seedling 
Day 1  Day 23  Day 35  Day 62  Day 58  Day 66 Number
 
1  0 ­ 0 - 0  - 0 - 0 - 0 ­
2  0 - 0 - 0  - 10 -10  10 -10  0  ­
3  0 ­ 0  - 0  - 10 -10 20 -20  5  -5 
4  0  - 0  - 10 -10 25 -25 30 -30 0  ­
5  0 ­ 0  - 20  -20  25 -25 20 -20  0  ­
6  0  - 1  -1  0  - 45  -45  15 -15 10 -10 
7  0 - 0  - 10  -10  10  -10 45 -45  0  ­
8  0 - 0 - 0  - 90 -90 20 -20  0  ­
9  0 ­ 0  - 30  -30  30 -30 25 -25  0  ­
10  0 - 10 -10 0  - 0  - 20 -20 0  ­
10.5	  0  - 0  - 60 -60 30 -30 10 -10 0  ­
11  C  - 1  -1  65 -65 30 -30 0  ­ 12  -12 
12  0  - 0  - 100 -100  65  -65  10  -10  5  -5 
Seedling
 
Day 77  Day 87  Day 108  Day 127
 Number
 
1  0 - 0 - ­ 0 0
 
2  1 -1 0 - 0 - 0
 
3  0 ­ 0 - 0  - 0
 
4  2 -2  1 -1 0  - 0
 
5  3 -3 2 -2  1  -1  0
 
6  0 - 0 ­ 0 - 0
 
7 5
  -5 0 - 1  -1 0
 
8  4 -4 0 - 0  - 0
 
9 0
  - 0 - 0  - 0
 
10  17 -17 2  -2  32  -32  0
 
10.5  3 -3 0 - 0  ­ 0
 
11  0 - 0
  - 0  - 0
 
12  10 -10 5 -5  0  - 0
 104 
Table la (continued) 
Seedling 
Day 1  Day 23  Day 43  Day 65  Day 86  Day 106  Day 127 Number 
15  0  +5 50  - 110 -10 15 +15  5 +25  5 +10 5 
16  0 +5 0 +5 240-100 67 - 50  - 40  - 5 
18  0  +5  0  +5 200 -50  60 +10  25  +10  40  - 5 
21  0  +5 60  - 180 -30 85  - 80 -10 15 +5  0 
22  0  +5  55  - 240 -50 75  - 35 +10 40  - 20 
25  0  +5 160  - 200 -50 50 +15 10 +15  5 +10 0 
29  0  +5  45  - 300 -150 120  - 200  -50  15  - 25 
30  0  +5 125  - 200 -50 50 +15 10 +25  5 +10 10 
33  0  +5  93  - 150 -20 200 -60  100  -20  45  - 55 
35  0  +5 70  - 210 -60 85  - 45  +5  5 +10 10 
36  0  +5  154  - 195 -50 125  - 115  -25  45  10 -
38  0  +5 250  - 200 -50 90  - 65  - 25  - 5 
39  0  +5  290  - 350 -100 180  -30  135  -30  30  - 10 
Seedling 
Day 1  Day 23  Day 43  Day 65  Day 86  Day 106  Day 131 Number 
13  0  +10  15 +5  15 +10 30 +20  5  +25  10  +5  5
 
14  0  +10  5 +10 165  - 16 +14  5  +20  0  +10  5
 
17  0 +10 30 - 165 - 15 +25 25 +15 35
  - 15 
19  0 +10 85  - 190  - 15 +25 25 +15  5 +10 0 
20  0 +10 45  - 160 - 5 +25  5 +20 10 +5  0 
23  0 +10 45 - 270 -40 70 +25 50  - 30  - 20
 
24  0  +10 125  - 320 -100 55 +20  80  -5  20  - 15
 
26  0 +10  .  .  320 -70 30 +20 60  - 35  - 20
 
27  0 +10 100 - 170 - 20  - 35 +15  5 +10 5
 
28  0 +10 45 - 295 -60 55 +20 30 +15 30  - 15
 
31  0  +10  90  - 140  - 70 +15 20 +20  5  +10 10
 
32  0  +10  65  - 375 -100 130 -25  45  - 40  - 5
 
34  0 +10 145  - 90 +5 10 +25 15 +15 30  - 15
 
37  0  +10 190  - 370 -100 75  +20  40  - 35  - 35
 Table 1 b 1996 short term aphid counts. 
Seedling 
Day 1  Day 5  Day 12  Day 19  Day 26  Day 33  Day 40  Day 47  Day 54 Number
 
43  0 - 0 - 0 ­ 6  -6  0  - 17 -17 4  -4 6 -6 0  ­
45  0 - 0 - 0  - 1  -1  0  - 8 -6 0 - 0 - 7 -7 
49.5  0  +5  0  +9  0  +15  2  +30  9  +30  9  -30 15 +40 15 +30 30 +25 
50  0  +5  14  - 25  - 15 +10 20 +20 50  - 62  - 62 -10 81  -25 
53  0  +6  3  +3  8  - 35 +15 66 +10 35  +20  33  +40  70  +10  92  -10 
58  0 +10 4 +16 25 +10 40 +10 64 +10 45 +10 63 +15 52 +20 52 +25 
63  10  - 15 +10 25 +15 59 +10 85 +20 64 +20  36  +70  70  +35 116  ­
73  0 +15 8 +12 30 +10 37 +30 110  - 80 +20 95 +10 81 +25  103  ­
Seedling 
Day 60  Day 68  Day 74  Day 81  Day 87  Day 103  Day 110  Day 118  Day 125 Number 
43  0  - 4 -4 0 - 5 -5 5 -5 0 - 11 -11  12 -12  1
 
45  0 - 0 - 9 -9 0 - 1
  -1  13 -13 19 -19  0  - 3 
49.5  36  +20 27 +30  41  +15  44  +10  23  - 22 +30 49  +15 74  - 90
 
50  45 +10 62 - 53  - 28  ­ 25  - 65 -10 73  -10  82 -25 75
 
53  40  +35 60 +20  63  +25  36  - 11  - 30  - 29  +45  58 -25  65
 
58  86  - 71 +10 42 +45 46  ­ 43  - 36  - 90  -10  130 -40 90
 
63  128  - 80 +25  74  +40  26  +10  14  +20  17  +20
  22  +85  99  -30  90
 
73  98 +15 102  - 128  - 101  - 65  - 34  - 60 +45 165  - 50
 Table lb (continued) 
Seedling 
Number 
Day 1  Day 7  Day 15  Day 21  Day 29  Day 36  Day 45  Day 50  Day 57 
41 
47 
51 
60 
64 
69 
73.5 
75 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
-
+5 
+10 
+5 
+15 
+15 
+10 
0 
0 
0 
0 
1 
20 
25 
4 
-
-
+10 
+10 
+5 
+10 
+5 
+10 
0 
0 
13 
33 
23 
33 
53 
18 
-
-
+20 
+25 
+15 
+40 
+20 
+45 
0 
3 
44 
43 
70 
75 
61 
20 
-
-3 
-
+35 
-20 
+30 
+45 
+55 
0 
12 
57 
105 
52 
110 
65 
54 
-
-12 
-
+10 
-
-
+55 
+25 
2 
9 
70 
75 
62 
120 
73 
81 
-2 
-9 
-15 
+10 
-
-
+25 
-
6 
4 
51 
128 
98 
103 
101 
70 
-6 
-4 
-
+50 
-40 
+10 
+10 
+10 
0  -
0  -
57  -
106  +15 
64  -
134  -20 
70  +40 
73  +15 
3 
6 
86 
74 
120 
171 
71 
94 
-3 
-6 
-30 
+10 
-60 
-35 
+35 
-10 
Seedling 
Number 
Day 64  Day 71  Day 78  Day 85  Day 101  Day 107  Day 114  Day126 
41  0  - 0  - 3  -3  2  -2  9  -9  0  - 0  - 0 
47  0  - 0  - 5  -5  26  -26  18  -18  0  - 2  -2  15 
51 
60 
64 
69 
42 
84 
82 
185 
+10 
-
+30 
-50 
50 
131 
86 
118 
+15 
-45 
-20 
-
23 
31 
62 
59 
+30 
+50 
-
+45 
45 
54 
78 
11 
-
+10 
-30 
+25 
54 
45 
58 
28 
-
+30 
-
+75 
77  -15 
91  -
115  -50 
102  +20 
90 
120 
68 
154 
-35 
-40 
-
-
54 
220 
67 
90 
73.5  52  +65  39  +70  25  +80  14  +25  30  +70  95  +25  133  - 103 
75  88  - 138  -50  74  +10  31  +10  60  +25  90  - 91  - 110 Table lb (continued) 
Seedling 
Day 1  Day 9  Day 15  Day 21  Day 29  Day 37 Number  Day 44  Day 50  Day 58
 
40  0 ­ 0 - 0  - 0 - 11 -11 2 -2 3 -3 0 - 0  ­ 42  0  - 0 - 2 -2 0  - 15 -15 0 - 18 -18  1 -1 4 -4 56  0  +5 20  - 18  +15  80  -20  46  - 61 - 56  - 69 - 52 ­ 57  0  +5 10 +5 29  +10 57  - 73  -15 105  +35  50  - 41  +20 29  +30 65.5  0  +10  18  +10  41  +20  46  +30  103  +20  62  +20  64  +15  46  +10  50  +30 67  0  +15  10 +15  45  +35  73  +35  73  +40  33  - 73  +30  85  +20  86  +30 68  0  +15  10 +15  31  +35  34  +65  81  +30  52  +50  77  +30  80  +25  90  +20 76  0  +10  5 +10 33 +20  95  - 88  - 65  +20  63  +15  57  +20  69  +15 
Seedling 
Day 65  Day 72  Day79  Day 86  Day 101 Number  Day 108  Day 114  Day127 
40  0  - 0 - 1 -1  1 -1 0  - 0 ­ 0  - 0

42  10 -10 0  ­ 0 - 6 -6 0 - 4 -4 0  - 0

56  46 +10 72 +20 38 +15 37  - 40 +10  61  - 102 +40 25

57  65 -10 64  - 70  -15  49  - 50
  - 58  - 93 -35 39
65.5  84  +35 105 +20  64  +25  67  - 18  +50  45  - 57  +35  19

67  59 +50 125  - 109  - 67  - 23
  +40  50  +60 106  - 1

68  112  - 109 +10  68  +20  37  +20  1  +45  29  +75  90
  +30  9

76  61 +25 64 +20 40 +20  51  - 80  ­ 49 - 83 - 18 Table lb (continued) 
Seedling 
Day 1  Day 7  Day 14  Day 21  Day 27 Number  Day 35  Day 42  Day 49  Day 56
 
46  0 - 0
  - 0  - 30 -30  16 -16  7  -7  15 -15  5  -5  5  -5  - 0  - 25 48  0  -25  16  -16  30  -30  45 -45  13  -13  9  -9  10  -10 55  0  +5 27  - 11 +10 42 +10 33 +15 74 -10 55  +10  56  - 32 +20 59  0 +5 6 +5 32  ­ 33  +10  45  - 23 +35 70  -10  57  ­ 55  ­ 61  12 +4 22  +5  18  +10  108  -30  82  - 50 +25  81  +5  67  +15  65  +15 66  1  +10 19 +5  39  ­ 55  +15  56  +25  106 +20  71  +10  76  - 84  ­ 72  0 +15 8  +15  9 +20 72 +15 64  +40  97  +5  85  +20 105  - 60 +40 74  6  +10 33 +5  33  +5 110  - 82 +25  91  +10  56  +60  87  +20  120  ­
Seedling 
Day 63  Day 70  Day77  Day 84  Day 90 Number  Day 105  Day 113  Day 118  Day 125 
46  2 -2 8 -8  5 -5 2 -2  3 1  -3 0 - 0  - 0 - 1 48  1  -1 20 -20 16 -16 0  - 6  -6  4  - 0 -4 0  - 0 55  67 - 66 ­ 83  +20  99  +40  92  -35  76  +20  130  -70  75  -20  38 59  39 +25 61  - 49 +20 44  +10  39  +20  67  - 106  -40  85  -25  41 61  88  - 108 +20  92  -10  55  +25  79  +15 38  - 35 +35  66  -20  41 66  88 ­ 84  - 95 -25  21 +10 52 +30 48  ­ 58 +30 70  - 36 72  78  +30  59  +50  118  - 91  +15 138 -20 63  - 55 +55 106  - 55 74  152  -30  61 +40  76  +40 132 -15  123  -10  90  - 110  - 88  20  40 Table 1 b (continued) 
Seedling 
Number 
Day 1  Day 6  Day 13  Day 22  Day 27  Day 36  Day 42  Day 49  Day 52 
44  0  - 0  - 0  - 1  -1  0  - 19  -19  12  -12  1  -1  16  -16 
49  0  - 0  - 36  -36  25  -25  47  -47  14  -14  28  -28  20  -20  0  -
52 
54 
62 
65 
0 
0 
0 
85 
+5 
+5 
+10 
-30 
19 
3 
30 
18 
-
+3 
-
+5 
17 
6 
35 
17 
+15 
+20 
+15 
+20 
46 
20 
80 
24 
-
+10 
-10 
+20 
50 
40 
59 
22 
-
+10 
+15 
+40 
11 
24 
95 
61 
+40 
+30 
-10 
+15 
73 
86 
79 
57 
-15 
-20 
+10 
+25 
50 
65 
85 
53 
-
-
-
+25 
16 
90 
98 
89 
+35 
-35 
-15 
-
70 
71 
0 
10 
+15 
+10 
7 
18 
+10 
+5 
10 
20 
+40 
+30 
54 
50 
+30 
+30 
78 
46 
+20 
+60 
78 
98 
+30 
+10 
120 
94 
-
+10 
103 
75 
-
+40 
68 
62 
+20 
+45 
Seedling 
Number 
Day 62  Day 70  Day 76  Day 83  Day 89  Day 104  Day 112  Day 117  Day125 
44  3  -3  11  -11  2  -2  0  - 0  - 0  - 1  -1  0  - 0 
49 
52 
13 
51 
-13 
-
20 
71 
-20 
-10 
1 
36 
-1 
+25 
7 
68 
-7 
+10 
0 
30 
-
+25 
2 
16 
-2 
+40 
8 
66 
-8 
-
7 
85 
-7 
-30 
10 
32 
54  41  +15  88  -25  76  +15  54  - 51  +5  100  -40  133  -75  53  - 18 
62 
65 
84 
65 
-
+20 
108 
67 
-25 
+25 
94 
67 
-15 
+20 
63 
5 
-
+60 
64 
9 
-
+15 
76 
3 
+10 
+80 
123 
72 
-30 
+15 
111 
99 
-30 
-15 
97 
56 
70  101  - 83  +25  62  +50  40  +35  36  - 85  -20  145  - 98  - 71 
71  76  +30  104  - 92  +15  72  - 51  - 37  +50  60  +60  41  55  60 Table 1c 1996 field test plant aphid counts. 
Seedling 
Number ip 
Day 1  Day 8  Day 15  Day 23  Day 29  Day 37  Day 44  Day 50  Day 58 
78 
79 
87 
91 
93 
111 
113 
115 
0 
0 
0 
0 
0 
0 
25 
0 
-
-
+5 
+5 
+10 
+10 
-
+15 
0 
0 
3 
1 
5 
9 
36 
16 
-
-
+6 
+6 
+6 
+6 
+6 
+6 
0 
1 
1 
2 
0 
19 
30 
75 
-
-1 
+15 
+15 
+25 
+10 
+15 
-
0 
0 
6 
25 
15 
22 
60 
46 
-
-
+40 
+10 
+40 
+35 
+25 
+40 
0 
0 
39 
23 
40 
40 
102 
51 
-
-
+15 
+20 
+35 
+35 
-
+50 
0 
0 
2 
6 
2 
33 
7 
4 
-
-
+30 
+30 
+50 
+20 
+15 
+15 
0 
0 
0 
0 
0 
11 
0 
3 
-
-
+20 
+20 
+40 
+30 
+60 
+35 
0 
0 
2 
1 
0 
21 
18 
20 
-
-
+25 
+25 
+35 
+25 
+40 
+45 
0 
0 
2 
5 
2 
35 
18 
17 
-
-
+25 
+25 
+35 
+20 
+55 
+60 
Seedling 
Number 
Day 65  Day 72  Day79  Day 86  Day 92  Day 106  Day 119  Day126 
78 
79 
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
87  0  +25  7  +20  6  +45  0  - 0  +30  0  +25  0  +50  39 
91 
93 
0 
6 
+25 
+40 
1 
1 
+25 
+75 
8 
29 
+40 
+50 
18 
20 
-
-
12 
28 
-
-
0 
7 
+25 
+40 
37 
54 
+15 
+25 
57 
62 
111  70  -20  91  -10  92  -10  75  - 116  -30  40  +10  65  +15  61 
113 
115 
23 
57 
+50 
+30 
98 
63 
+10 
+40 
139 
138 
-
-
107 
77 
-
-
107 
75 
-
-
95 
80 
-
-
125 
96 
-10 
+10 
78 
100 Table lc (continued) 
Seedling 
Day 1  Day 10  Day 18  Day 24  Day 32  Day 39  Day 47 Number  Day 54 
..  .
80  0 - 1 -1 0 - 0 ­ 0 - 0 - 0  - 0 ­
86  0  - 3 -3 4 -4 14 -14 0  - 0 ­ 0  - 0 ­
88  0  +5  1  +5  0 +25 5 +30 15 +5  5 +20  1 +25 3
  +25
 
90  0  +5 4 +5  8 +20 24 +10  1  +25 8
  +15 8  +25  0 +25
 
95  0  +10  7 +10 19 +30  19
  +25  1  +50  25  +30  12  +30  12  +30
 
96  0  +15  4 +10  9  +50  19 +65  0  +85 54
  +25  26  +45  2  +65
 
98  0 +10 9 +5  2 +40 10 +50  8 +40 15 +40  1 +40
  0  +45
 
104  0 +15  7 +10  14 +45 65 +15 48 +30 54
  +25  24  +40  23  +40 
Seedling 
Day 60  Day 67  Day 74  Day 82  Day 89 Number  Day 104  Day 110  Day 118  Day 125 
80  0 - 0 - 0 - 0  - 0 - 0 - 0  - 0 - 0 
86  0 - 0  0 - 0 - 0  0 - - 0  - 10 -10 0 
88  10 +15  16 +10  13  +40  22  - 13  - 10  - 5 +20 12 - 18 
90  13 +15 5 +20 0 +55 2 +20 14  - 0  - 0 +25 13  - 9 
95  26 +20 55  - 40 +40  1  - 3 +15 3  - 1 +50 19  - 3 
96  15 +55  14 +90  72  +40  18  - 13  ­ 10 - 16 - 20 - 35 
98  0 +45  0 +50 56 +24 24  - 17  - 8  - 2  +55 48  - 24 
104  21  +45  34 +75 46  +60  13  - 8  - 1  - 0 +40 45 - 41 Table 1 c (continued) 
Seedling 
Number 
Day 1  Day 12  Day 18  Day 24  Day 32  Day 40  Day 47  Day 54  Day 61 
81 
82 
94 
97 
100 
102 
103 
109 
0 
0 
0 
10 
0 
0 
20 
0 
-
-
+15 
-
+15 
+5 
-
+15 
0 
3 
3 
9 
7 
0 
24 
11 
-
-3 
+20 
+5 
+20 
+10 
-
+5 
0 
0 
5 
27 
13 
24 
20 
20 
-
-
+30 
+10 
+25 
+10 
+20 
+25 
0 
0 
28 
54 
16 
8 
27 
45 
-
-
+50 
-
+60 
+40 
+40 
+20 
0 
0 
2 
30 
19 
14 
33 
43 
-
-
+80 
+10 
+55 
+25 
+30 
+30 
0 
1 
0 
37 
12 
25 
65 
43 
-
-1 
-
-
+65 
+10 
-
+20 
3 
0 
1 
50 
12 
55 
70 
21 
-3 
-
+25 
-
+15 
-
-
+50 
0 
0 
0 
25 
24 
75 
80 
45 
-
-
+95 
+25 
+70 
+25 
-
+40 
0 
0 
4 
55 
24 
16 
110 
48 
-
-
+80 
-
+50 
+40 
-40 
+35 
Seedling 
Number 
Day 68  Day 75  Day 82  Day 89  Day 105  Day 107  Day 118  Day 125 
81  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
82  0  - 0  - 0  - 0  - 0  - 1  -1  0  - 0 
94  2  +100  49  +75  21  - 9  - 0  - 0  +55  0  +30  1 
97  80  -30  95  -35  0  -25  7  - 0  - 7  +20  22  - 21 
100  27  +70  90  +30  11  - 6  - 6  - 7  +45  22  - 11 
102  68  -20  85  -30  5  - 0  - 0  +20  10  +10  27  - 29 
103 
109 
137 
50 
-50 
+30 
80 
63 
-
+25 
19 
55 
-
-
10 
20 
-
-
0 
18 
-
-
0 
12 
+30 
-
4 
13 
+35 
+10 
0 
7 Table lc (continued) 
Seedling 
Number 
Day 1  Day 8  Day 15  Day 23  Day 28  Day 37  Day 43  Day 50  Day 58 
77  0  - 0  - 0  - 0  - 0  - 0  - 0  -''  0  - 0  -
85  0  - 15  -15  4  -4  0  - 7  -7  0  - 0  - 0  - 0  -
89 
99.5 
0 
0 
+5 
+5 
3 
10 
+5 
-
6 
10 
+10 
+10 
16 
30 
+15 
+5 
30 
56 
+10 
-10 
2 
35 
+25 
-
0 
24 
+25 
-
9 
26 
+20 
-
15 
11 
+10 
+15 
101 
107 
0 
0 
+10 
15 
1 
0 
+10 
+10 
15 
3 
+10 
+1 
17 
35 
+50 
+20 
30 
75 
+30 
+20 
6 
15 
+40 
+60 
15 
13 
+30 
+55 
16 
19 
+30 
+50 
6 
3 
+50 
+70 
108  5  +10  6  +3  14  +10  65  - 42  +20  26  +20  7  +35  6  +30  47  -
112  0  +15  4  +4  8  +15  30  +20  49  +35  80  - 115  - 187  -80  120  -
Seedling 
Number 
Day 65  Day 72  Day79  Day 86  Day 92  Day 107  Day 119  Day126 
77  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
85  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
89  0  +25  2  +35  18  +25  9  - 8  - 7  - 6  +45  16 
99.5  22  - 35  - 57  - 8  - 43  - 23  - 50  - 52 
101  22  +20  48  +20  62  +20  12  - 5  - 5  +30  20  +50  93 
107  5  +70  24  +70  55  +50  40  - 53  - 43  - 95  - 95 
108  16  +25  30  +35  63  +20  25  - 54  - 68  - 72  +15  125 
112  11  +65  46  +50  103  - 8  - 9  +10  0  +50  75  +30  80 Table 1 c (continued) 
Seedling 
Number 
Day 1  Day 8  Day 15  Day 32  Day 29  Day 38  Day 46  Day 51  Day 58 
83 
84 
92 
99 
105 
106 
110 
114 
0 
3 
1 
15 
0 
0 
0 
17 
-
-3 
+5 
-
+10 
+10 
+15 
20 
1 
0 
0 
10 
9 
11 
0 
12 
-1 
-
+5 
-
-
-
+10 
+5 
0 
0 
17 
10 
12 
2 
2 
25 
-
-
+10 
+15 
+10 
+15 
+50 
+20 
0 
15 
7 
10 
10 
8 
14 
80 
-
-15 
+15 
+10 
+30 
+30 
+50 
-
0 
0 
23 
45 
8 
45 
40 
79 
-
-
+20 
-
+40 
+20 
+35 
-
0 
0 
3 
65 
10 
55 
12 
3 
-
-
+40 
+15 
+55 
+20 
+35 
+30 
0 
0 
0 
45 
11 
90 
13 
30 
-
-
+35 
-
+50 
-10 
+90 
+70 
0 
0 
5 
50 
22 
85 
25 
90 
-
-
+45 
-
+15 
-10 
+25 
+10 
0  -
0  -
30  -
38  -
57  +25 
75  -
52  +40 
145  -35 
Seedling 
Number 
Day 67  Day 74  Day 81  Day 88  Day 92  Day 107  Day 118  Day126 
83  0  - 4  -4  0  - 0  - 0  - 0  - 0  - 0 
84  0  - 0  - 0  - 0  - 1  -1  0  - 1  -1  0 
92  6  +50  60  -5  40  -15  25  - 6  - 37  - 57  -15  37 
99  27  +30  45  +5  10  +15  6  - 12  -12  12  +20  25  +15  20 
105  13  +70  9  +75  19  +25  5  - 0  +50  35  +30  80  - 50 
106  45  +40  80  - 43  - 3  - 1  +10  5  +40  36  +40  79 
110  90  +10  64  +45  69  - 44  - 17  - 49  - 78  +20  132 
114  100  - 88  +25  68  - 50  - 74  - 63  - 160  -60  115 Table 2	 Aphid population counts and adjustments made for each long term control plant.  The 'Day' category
days after the test started that the aphid population count was taken. The first number in each seedlings'
refers to the number of column is the number of aphids on the plant on the day of the count and the second
number refers to the number of aphids added or removed from the plant at that time. 
Seedling 
Day 1	  Day 25  Day 37  Day 48  Day 60  Day 71 Number  Day 82  Day 90  Day 111  Day 138  Day 159  Day 183
116  0 -	 0  - 0  - 0  - 20 -20 6 -6 0 - 0 - 0 ­ 0 -	 0  - 0  ­ 117 0 - 0 - 0  - 0  - 20 -20 10-10 0 - 0 - 0  - 0 - 0 - 0 ­ 118  0 - 0  - 10  -10  10	 -10 20 -20  4  -4  0  - 0	 - 0 - 0 - 0  - 0  - 119  0 - 0  - 10	  -10  40  -40  10  -10  0  - 0	 - 3 -3 0 - 0 - 0  - 0  ­ 120  0 - 0  - 0  - 20 -20 40 -40 10 -10  0  - 0  - 0  - 0	 - 0  - 0 ­ 121  0  - 0  - 15  -15 50 -50  0  - 14 -14  0  ­ 0 -	 0 - 0 - 0  - 0 ­ 122 0 - 0  ­ 35  -35  25 -25  20 -20  0  ­ 0 -	 3 -3 0 - 0 - 0  ­ 0 ­ 123  0 ­ 0  - 10 -10 35 -35 30 -30  9  -9  0  - 1  -1 9	 -9 0 - 0 - 0  - 124  0 - 0 ­ 90  -90  10  -10  10  -10  14 -14  0  - 0	 - 0  - 0 - 0 - 0 ­ 125  0  - 10 -10 25 -25 10 -10  0  - 0  - 0	 - 0 - 0 - 0  - 0	 - 0 ­
Seedling 
Day 212	  Day 247  Day 275  Day 303  Day 316	  Day 330  Day 345  Day 359  Day 375 Number  Day 379  Day 386  Day 393
 
118 0 - 0 - 0  - 0 - 0 - 0
  - 0	 - 0 ­ 0 -	 0 - 0  - 4 -4 117  0  - 0 - 0  - 0 - 0 - 0 - 0  - 0	 - 0 - 0 - 0  - 0  - 118 0 - 0  - 0  - 0 - 0 - 0  - 0	 - 0 ­ 0 -	 0 - 0  - 7 -7 119  0 - 0 ­ 0  - 0  - 1 -1 2 -2 10 -10 0 - 0 - 0 - 0  - 0  ­ 120 0 - 0 - 0 - 0 - 0 - 0  - 0	 - 0 ­ 0 -	 0 - 0  - 0 ­ 121  0 - 0 - 0  - 0	 - 0  - 0	 - 0 - 0 - 0 ­ 20 -20 0  - 0 ­ 122  0 - 0  - 0 - 0  - 0 - 0 - 0 - 0 - 0 - 0 - 0  - 0 ­ 123  0 - 0 - 0  - 0 - 0  - 8 -8 0  ­ 0 -	 0 - 0 - 0  - 0  ­ 124  0 - 0  - 0  - 3  -3 0  - 25 -25  1 -1 0 ­ 0 -	 0 - 0  - 0 ­ 125  0 - 0 - 0  - 0	 - 0 - 0 - 0 ­ 0 -	 0  ­ 0  -	 0 - 0 ­Table 2 (continued) 
Seedling 
Number 
Day 399  Day 407  Day 413  Day 420  Day 427  Day 434  Day 442  Day 448  Day 455  Day 461  Day 476  Day 484  Day 492  Day 507 
116  0 - 0 - 0 - 0 - 0  - 0 - 0  -0  - 0 - 0 - 0 - 0 - 0 - 0 117  1 -1 0 - 0 - 0 - 0  - 0  - 0  - 0  - 0  - 1 -1 0  - 0 - 0 - 64 118  0 - 0 - 0 - 0 - 0 ­ 0 - 0 - 0 - 0 - 0 - 0 ­ 0  - 0 - 0 119 12-12 0  - 0  - 7 -7  0  - 0  - 0 - 0 - 0  - 0 - 0 - 0  - 0 - 0 120  0 - 1 -1 0 - 0  - 4 -4 0  - 0  - 0 - 0 - 0 - 0 - 0  - 0 - 0
121  0  - 31 -31 48 -48 16 -16  32 -32 35 -35  2  -2 0 - 0 ­ 0  - 16 -16 22 -22 43 -43 28 122 '0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0  - 0  - 0 123  0 - 0 - 6 -6 0  ­ 0 - 0  - 16 -16 0 - 0 - 0 - 0 - 0 - 0 ­ 0 124  0 - 0 - 0 - 0 - 0 - 0 - 0 - 0  - 0 - 0 - 0 - 0 - 0 ­ 0 125  0 - 0 ­ 0 - 0 - 0 - 33 -33 38 -38  1 -1  1 -1 0 - 4 -4 0 - 0 - 1 Table 3 Aphid population counts and adjustments made for each long term aphid feeding plant. The 'Day' category
days after the test started that the aphid population count was taken. The first number in each seedlings'
refers to the number of column is the number of aphids on the plant on the day of the count and the second
number refers to the number of aphids added or removed from the plant at that time. 
Table 3a Long term test: block 1 
Seedling 
Day 1  Day 10  Day 26  Day 49  Day 69  Day 90  Day 118 Number  Day 144  Day 164  Day 192  Day 226  Day 254 
135  0 +15 80  +5 120 +20 20 +15 10 +5  0 +15 5  - 5  - 5  - 5  - 30 - 45  ­ 140  0  +15  75  +5  425 -200  75  - 75  -20  30  - 5  - 0 +5  1  - 0 - 25  - 50  ­ 141  0  +15 140  - 200  - 30 +20  5  +10 15  - 0  +15 0 +5  0  - 1  - 0 +5 25 ­ 142  0 +15 85  +5 240  - 100  - 15 +5 15  - 5  ­ 0 +5 0  ­ 0  - 1 +5 10 ­ 146  0  +15 145  - 390 -150 45 +15 45  - 25  - 5  ­ 0 +5 0  - 0  - 0 +5 95 ­ 147  0 +15 60  +10 200 +20 30 +15  5 +10 10 +5  0 +15  1  +4  0  - 0  - 0 +5 25 ­ 149  0 +15 120  - 240  - 65  - 15  +5 10 +5 5  - 5  - 15 ­ 20 - 15 - 40  ­ 151  0 +15 85  - 240  110  - 60  -10 15 - 0 +15 20 - 25  - 5  ­ 5  - 30 ­
SeedlingiDay 
282  Day 303  Day 315  Day 332  Day 343  Day 351  Day 360 Number  Day 366  Day 372  Day 380  Day 387  Day 395 
135 125 - 20  15  - 1  +4 20  - 30 - 38  - 12  +25  101  +50  48  - 20  +30  89  -40 140 130 - 25 - 5  ­ 0  +5  5  - 55  - 61  +15 45 +45 160 -60 110 -20 160 -50 87  ­ 141  75 - 40  - 15  - 10  - 10  - 25  +4  43  +10 110 -35  76  - 93  -25  100  -40  49  +20 142  200 - 20  ­ 15  - 25  - 25  - 40  - 12 +30 92 -10  95 -20 115 -30  93 -10  77  ­ 146 130 - 20  - 0  - 0  +5 10  ­ 8  +15  102  -15  100  - 235  -135  70  +10  88  - 90  ­ 147  35 - 10  - 15  - 1 +5 2 +3 40  - 94  -40  155  -90  60  - 41 +15 62  - 57  ­ 149  160 - 5  - 5  - 1  +4 40  - 60 - 55 -5  122  -40  155  -65  125  -50  115  -35  101  -25 151 120 - 5  - 5  - 1  +4 40  - 15 +7 53 +15  145  -65  160  -70  135  -40  73  +10  121  -25 Table 3a (continued) 
Seedling 
Number  Day 401  Day 409  Day 416  Day 423  Day 430  Day 437 Day 453  Day 455  Day 466  Day 484 
135 
140 
36 
112 
-
-25 
7 
120 
+40 
-40 
31 
81 
+10 
-
90 
140 
-50 
-40 
26  +15 
145  -55 
42 
73 
-
-
30 
130 
+10 
-45 
59  -10 
135  -50 
52  -
135  -40 
20 
100 
141 
142 
146 
147 
149 
66 
47 
175 
69 
67 
-
-30 
-75 
-
-
121 
125 
145 
80 
90 
-50 
-45 
-50 
-20 
-20 
102 
60 
155 
41 
110 
-30 
+10 
-65 
+10 
-30 
52  -
76  -
127  -35 
71  -10 
100  -25 
16  +40 
16  +55 
126  -35 
80  -20 
97  -25 
33 
29 
76 
22 
55 
-
-
-
-
-
19 
86 
110 
13 
37 
+40 
-10 
-25 
-
-
28  -
100  -20 
150  -60 
15  -
26  -
25  +35 
155  -60 
95  -
14  +40 
50  -
13 
35 
15 
34 
6 
151  104  -20  105  -20  93  -10  117  -25_  99  -15  76  - 100  -15  155  -75  80  - 30 
Table 3b Long term test: block 2 
Seedling 
Number  Day 1  Day 18  Day 41  Day 64  Day 87  Day 122 Day 149  Day 169  Day 198  Day 230  Day 258 
127 
128 
129 
130 
132 
133 
134 
136 
138 
150 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
0  +15 
30  +5 
75  -
75  -
50  +5 
75  -
15  +10 
125  -25 
60  -
300  -150 
40 
40 
30 
40 
170 
45 
100 
100 
80 
125 
+10 
+10 
+20 
+10 
-20 
+10 
-
-
-
-
15 
35 
35 
50 
35 
70 
110 
45 
75 
100 
+10 
+10 
+10 
-
+10 
-
-20 
+10 
-
-20 
10 
15 
10 
10 
30 
25 
45 
55 
15 
55 
+5 
-
+5 
+5 
-
-
-
-
-
-
0 
30 
10 
15 
25 
0 
0 
15 
0 
0 
+15 
-
-
-
-
+15 
+15 
-
+15 
+15 
10 
15 
0 
0 
5 
25 
10 
10 
10 
0 
-
-
+5 
+5 
-
-
-
-
-
+5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+5 
+5 
-
+5 
-
+5 
+5 
+5 
+5 
+5 
0 
0 
0 
50 
0 
0 
0 
25 
0 
10 
+5 
+5 
+5 
-15 
+5 
+5 
+5 
-
+5 
-
0 
0 
10 
90 
10 
0 
0 
5 
1 
30 
+5 
+5 
-
-40 
-
+5 
+5 
-
+5 
-
40 
60 
5 
120 
35 
30 
40 
40 
55 
210 
-
-
-
-
-
-
-
-
-
-Table 3b (continued) 
Seedling 
Number, Day 286  Day 307  Day 319  Day 336  Day 347  Day 355 Day 362  Day 370  Day 376  Day 384  Day 390 
127 
128 
129 
130 
132 
133 
134 
136 
138 
150 
20 
95 
45 
50 
190 
140 
200 
120 
160 
150 
-
-
-
-
-
-
-
-
-
-
10 
30 
10 
5 
80 
50 
30 
20 
20 
20 
-
-
-
-
-
-
-
-
-
-
0 
30 
20 
5 
45 
10 
10 
10 
25 
15 
-
-
-
-
-
-
-
-
-
-
0 
10 
55 
15 
25 
0 
20 
10 
5 
40 
+5 
-
-
-
-
-
-
-
-
-
10 
30 
75 
20 
40 
10 
25 
10 
10 
35 
-
-
-
-
-
-
-
-
-
-
4 
20 
62 
85 
37 
15 
40 
20 
43 
70 
+5 
-
-30 
-30 
-5 
+15 
-
+15 
-
-
26  -5 
65  -30 
47  -15 
88  -45 
115  -80 
52  -10 
62  -10 
30  +20 
16  +20 
50  +20 
14  +5 
55  -15 
160  -60 
165  -100 
100  -60 
180  -100 
55  -
135  -65 
70  -25 
215  -110 
18  -
70  -30 
146  -90 
55  -10 
115  -80 
113  -60 
165  -75 
80  -
48  -
95  -
7 
47 
78 
90 
75 
55 
65 
160 
30 
53 
+15 
-5 
-35 
-50 
-40 
-
-
-80 
+15 
-
22  -
150  -100 
102  -60 
65  -20 
77  -45 
78  -40 
113  -50 
110  -40 
54  -
115  -20 
Seedling 
Number  Day 398  Day 406  Day 412  Day 419  Day 426  Day 433 Day 440  Day 456  Day 462  Day 469  Day 488 
127 
128 
129 
130 
132 
133 
134 
136 
138 
150 
32  -10 
102  -70 
118  -70 
110  -60 
43  -10 
145  -90 
60  -
84  -15 
53  -
52  +30 
51 
63 
110 
51 
30 
72 
56 
54 
19 
161 
-30 
-30 
-70 
-10 
-
-25 
-
-
+25 
-60 
9 
87 
70 
105 
55 
62 
93 
80 
53 
106 
+25 
-50 
-30 
-55 
-25 
-10 
-30 
-15 
-
-15 
44  -20 
55  -10 
132  -80 
111  -62 
67  -30 
95  -45 
65  -
110  -40 
47  -
133  -40 
31  - 23  -
66  -25  104  -65 
153  -100  36  -
166  -100  33  -
58  +25  74  -45 
115  -60  89  +40 
120  -60  109  -50 
122  -50  23  +45 
32  +15  27  +15 
154  -60  73  +15 
34 
41 
26 
12 
37 
55 
36 
22 
11 
46 
-10 
-
-
-
-10 
-10 
-
-
-
-
26 
55 
91 
59 
55 
80 
107 
22 
10 
41 
-
-20 
-50 
-20 
-25 
-30 
-50 
-
-
-
82  -50 
41  -
86  -40 
65  -20 
57  -25 
79  -30 
145  -90 
40  +25 
3  +40 
86  -
47  -
95  -50 
155  -100 
105  -50 
37  -
75  -
80  -
46  -20 
28  +25 
81  -
82 
25 
165 
225 
37 
145 
95 
85 
15 
72 Table 3c Long term test: block 3 
SeedlingiDay 
Number 
1  Day 14  Day 30  Day 53  Day 72  Day 94  Day 122  Day 147  Day 168  Day 196  Day 230  Day 256 
126  0 +10  0  +15 15 +25 10 +25 0 +20 0 +20 0 +15  0  +5 0 - 1  +8  2  +10  130  -30
131  0 +10 15 +10 150  - 75  - 25  - 15  - 5  - 0  +5 20  - 0 +10  0  +10 35  ­ 137  0 +10 90 +5 160  - 50  - 55  - 40 - 10  - 20  ­ 0  - 10  - 0 +10 65  ­ 139  0 +10 85  +5  45 +25 30 +15 45  - 5 +30 0 +15  0  +5  1 - 2  +3  0 +10  0 +30 143  0 +10 130  - 330 -80  55  ­ 70  - 75 -15 25  - 15  - 15  ­ 50  -20  60  -10  100  -15 144  0  +10  90  +5  360 -130  15 +20 20  - 15  ­ 0 +15 0 +5 0  - 0 +10 10 - 35 ­ 145  0 +10 100  +5 260 -30  50  - 55  - 55  - 25  - 5  - 0  - 4 +6 25  - 35 ­ 148  0  +10 280  - 165  - 50  - 20  - 10 +5  0 +15 10  - 0  - 0 +10 0 +10 6 +25 152  0  +10  100  - 350 -100  80  - 40  - 175 -60  25  - 20  - 20  - 100  -40  75  -20  110  -20 153  0 +10 85 +10 245 -40 80  - 40  - 60  - 85  ­ 5  - 0  - 0 +5  1 +10 20 ­
Seedling 
Day 285  Day 306  Day 319  Day 336  Day 347  Day 355  Day 363  Day 367 Number  Day 375  Day 381  Day 389  Day 396 
126 45 - 10 - 20 - 5 ­ 0  +4 3 +10 8  +6  18  - 3 +15 15 +5  12  - 6  +10
131  150 - 30  - 20  ­ 5  - 15  - 36  - 35 +10 106 -45  78  -20  82 -30  46  - 51  ­
137  140 - 15  - 20  - 0  +6  0  +6 60  - 40  - 125 -50 131 -50 82  - 67  ­ 70  ­ 139  55 - 5  - 5  - 15  - 20  - 40  - 90 -38 75 -30 29 +10 55  ­ 41  - 10 +30 143 175 - 60  - 75  - 45 - 10 ­ 115  -10  135  -35  230  -110  250  -100  145  -30  200  -75  150  -45 144  35 - 40 ­ 10  - 10  - 30  - 67  - 65  - 90 -30 145 -50 97 -25  35  +30  172  -100 145 160 - 20  - 25 ­ 5  - 35  - 35 +25 55 +30 170 -70  96  - 123 -35  94  - 90  ­ 148  60  - 20  - 10  - 25  - 60  - 145 -55 105 -30  100 -20  130 -30  175  -80  55  +20  91  -10 152  80 - 30  - 15  - 15  - 10  - 21  +25  72  +18  80  +20  228  -100  150  -30  185  -70  226  -100 153 120 - 80  - 35  ­ 30  - 65  - 95  - 55 +30 101 -10  93  - 104  - 168 -65 105  -5 Table 3c (continued) 
Seedling 
Number  Day 403 Day 410  Day 417  Day 424  Day 431  Day 438 Day 444  Day 458  Day 468  Day 473  Day 487 
126  0 +20  1  +20  0  +20  11 +10  0 +20  1  - 1  - 10 +20 45 +20 21  - 10 
131  60  - 57  - 106 -50  80  -25 62 -10 44  - 23  - 25 +25  73 -20 64  - 30 
137  125  -55  116  -45  139  -60  129  -60  37  +35  43  - 54  - 37  +20 130 -50  85  - 75 
139  19 +20 31  - 33  - 42  - 27 +5  13  - 10  - 24  +20 103 -50  75  - 80 
143  32 +75  141  -40  164  -60  166 -60  17 +80 22  - 19  - 20  ­ 36  +65  50  +40  63 
144  90  -20  62  - 113  -40  105 -20  43  +25  19  - 10  - 20  - 26 +45 40 +25 27 
145  100  -10  143  -50  128  -30  162  -70  161  -75  90  - 100  -10  110  -20  180  -80  56  ­ 82 
148  101 -20  83  - 127 -45  90 -10 134 -50 18  - 22  - 47  - 85  - 90 - 50 
152  150  -40  238  -100  255  -130  175  -60  11  - 10  - 13  - 40  - 26  +80  100  - 85 
153  1120  -20  155  -55  109  -10  200  -100  118  -20  40  ­ 63  - 37  - 95  - 120 -25 97 Table 4 Aphid population counts and adjustments made foreach recovery test plant. The 'Day' category refers to the number

of days after the test started that the aphid population count was taken. The first number in each seedlings'

column is the number of aphids on the plant on the day of the count and the second number refers to the
 
number of aphids added or removed from the plant atthat time.
 
Table 4a Recovery test: block 1 
Seedling 
Number  Day 1  Day 21  Day 43  Day 63  Day 86  Day 108  Day 134 Day 155 Day 178 Day 207  Day 242  Day 270 
154 
164 
171 
172 
174 
175 
176 
180 
181 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
0 
25 
70 
75 
110 
170 
15 
150 
240 
+5 
-
-
-
-
-
+5 
-
-
45  +10 
230-100 
180  -30 
200  -60 
270-100 
250-125 
190  -40 
120  -25 
120  -20 
0 
40 
70 
75 
65 
135 
55 
30 
35 
+20 
-
-
-
-
-
-
+20 
+15 
5 
35 
5 
25 
40 
60 
30 
15 
5 
+10 
-
+20 
-
-
-
-
-
+10 
0 
10 
10 
20 
5 
10 
20 
0 
5 
+10 
-
-
-
+5 
-
-
+10 
+5 
0  -
0  -
0  -
0  -
0  -
20-20 
0  -
0  -
0  -
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
Seedling 
Number  Day 297 Day 311  Day 325  Day 340  Day 354  Day 368  Day 370  Day 381 Day 389  Day 395  Day 403 
154 
164 
171 
172 
174 
175 
176 
180 
181 
0 
3 
0 
0 
0 
9 
0 
0 
0 
-
-3 
-
-
-
-9 
-
-
-
0 
5 
0 
0 
0 
0 
0 
0 
0 
-
-5 
-
-
-
-
-
-
-
0 
1 
4 
0 
0 
5 
9 
0 
0 
-
-1 
-4 
-
-
-5 
-9 
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
0  -
0  -
0  -
0  -
0  -
150  -150 
5  -5 
0  -
0  -
0 
0 
0 
0 
0 
12 
2 
0 
0 
-
-
-
-
-
-12 
-2 
-
-
0 
0 
0 
0 
1 
13 
0 
0 
0 
-
-
-
-
-1 
-13 
-
-
-
0 
0 
0 
0 
0 
1 
0 
0 
0 
-
-
-
-
-
-1 
-
-
-
0  -
55  -55 
0  -
0  -
21-21 
23  -23 
0  -
0  -
0  -
0 
26 
8 
0 
5 
35 
6 
4 
0 
-
-
-
-
-
-
-
-
-Table 4a (continued) 
Seedling 
Number  Day 409 Day 417  Day 423  Day 430  Day 437  Day 444  Day 451  Day 456 Day 472  Day 479  Day 486  Day 500 
154  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
164  5  -5  0  - 4  -4  1  -1  22  -22  0  - 45  -45  8  -8  0  - 11  -11  0  - 0 
171  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 1  -1  0  - 0  - 0 
172  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
174  2  -2  15  -15  11  -11  7  -7  0  - 6  -6  9  -9  1  -1  0  - 0  - 0  - 14 
175  11  -11  9  -9  3  -3  10  -10  10  -10  16  -16  35  -35  42  -42  68  -68  16  -16  38  -38  75 
176  10  -10  0  - 9  -9  15  -15  0  - 0  - 4  -4  0  - 39  -39  0  - 10  -10  14 
180  0  - 0  - 0  - 0  - 0  - 0  - 2  -2  1  -1  0  - 11  -11  0  - 0 
181  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0 
Table 4b Recovery test: block 2 
Seedling 
Number  Day 1  Day 11  Day 33  Day 55  Day 76  Day 94  Day 123  Day 145 Day 168  Day 196  Day 231  Day 259 
155  0  +15  50  - 25  +25  25  +10  10  +5  10  - 0  - 0  - 0  - 0  - 0  - 0  -
158  0  +15  1  +10  110  +20  70  - 10  +5  10  - 1  -1  0  - 0  - 0  - 0  - 0  -
161  0  +15  70  - 70  +25  20  +10  25  - 15  - 1  -1  0  - 0  - 0  - 0  - 0  -
162  0  +15  25  +5  240  - 70  - 15  - 10  - 0  - 0  - 0  - 0  - 0  - 0  -
163  0  +15  1  +10  150  +10  30  +10  40  - 10  - 2  -2  0  - 0  - 0  - 0  - 0  -
166  0  +15  35  +5  220  - 55  - 30  - 50  - 10  -10  0  - 0  - 0  - 0  - 0  -
169  0  +15  70  - 165  +10  65  - 5  +10  5  +10  6  -6  1  -1  0  - 0  - 0  - 0  -
173  0  +15  225  - 165  +10  75  - 5  +10  10  - 0  - 0  - 0  - 0  - 0  - 0  -
178  0  +15  70  +5  280  -20  105  - 60  - 25  - 3  -3  0  - 0  - 0  - 0  - 0  -
179  0  +15  180  - 155  +15  60  - 55  - 40  - 6  -6  0  - 0  - 0  - 0  - 0  -Table 4b  (continued) 
Seedling 
Number  Day 287 Day 300  Day 314  Day 329  Day 343  Day 357  Day 363  Day 370 Day 377  Day 383  Day 391 
155  5  -5  0  - 0  - 4  - 24  -24  9  -9  19  -19  0  - 0  - 0  - 4  -
158  0  - 0  - 0  - 0  - 0  - 5  - 0  - 0  - 0  - 0  - 0  -
161 
162 
163 
166 
169 
0  -
0  -
0  -
25-25 
17-17 
0 
0 
0 
10 
0 
-
-
-
-10 
-
0 
0 
0 
0 
0 
-
-
-
-
-
0 
0 
1 
0 
0 
-
-
-1 
-
-
0 
0 
1 
0 
0 
-
-
-1 
-
-
0  -
0  -
15-15 
0  -
0  -
0  -
0  -
20-20 
0  -
0  -
0  -
0  -
0  -
40-40 
0  -
0  -
0  -
14-14 
14-14 
0  -
3  -3 
0  -
21-21 
17-17 
7  -7 
0 
0 
6 
13 
0 
-
-
-
-
-
173  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  -
178 
179 
0 
7 
-
-7 
10 
0 
-10 
-
10 
1 
-10 
-1 
0 
0 
-
-
12 
0 
-12 
-
25 
0 
-25 
-
11 
0 
-11 
-
18 
0 
-18 
-
1  -1 
21-21 
1 
1 
-1 
-1 
5 
18 
-
-
Seedling 
Number  Day398Day404  Da  411  Da  418  Da 426  Day 432  Day 439  Day 444 Day 461  Day 469 
155 
158 
0 
0 
-
-
3 
0 
-3 
-
0 
0 
-
-
1 
0 
-1 
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
161 
162 
163 
166 
169 
173 
178 
179 
0  -
0  -
10-10 
22-22 
12-12 
0  -
10  -10 
1  -1 
0 
0 
1 
21 
0 
0 
21 
0 
-
-
-
-21 
-
-
-21 
-
0 
0 
11 
2 
0 
8 
8 
0 
-
-
-11 
-2 
-
-
-8 
-
2 
0 
2 
8 
0 
0 
10 
0 
-2 
-
-2 
-8 
-
-
-10 
0  -
0  -
10-10 
7  -7 
0  -
0  -
1  -1 
0  -
0 
0 
7 
0 
0 
4 
1 
0 
-
-
-7 
-
-
-4 
-1 
-
0 
0 
0 
0 
0 
5 
0 
7 
-
-
-
-
-
-5 
-
-7 
0 
0 
0 
0 
0 
0 
0 
12 
-
-
-
-
-
-
-
-12 
0 
0 
0 
0 
0 
0 
4 
14 
-
-
-
-
-
-
-4 
-14 
0 
0 
0 
6 
0 
0 
2 
0 
-
-
-
-
-
-
-2 
-
0  -
Ti
0  -
0  -
12  -12 
0  -
0  -
12  -12 
8  -8 
0 
0 
0 
9 
4 
0 
1 
0 Table 4c Recovery test: block 3 
Seedling 
Number  Day 1  Day 18  Day 38  Day 60  Day 82  Day 103  Day 130  Day 154 Day 176  Day 207  Day 239  Day 267 
156 
157 
159 
160 
165 
167 
168 
0 
0 
0 
0 
0 
0 
0 
+10 
+10 
+10 
+10 
+10 
+10 
+10 
0 
75 
100 
60 
35 
120 
15 
+10 
-
-
-
+5 
-
+5 
120 
90 
90 
170 
295 
165 
165 
+10 
-15 
-10 
-
-50 
-
-
15 
25 
15 
30 
75 
35 
70 
+25 
-
+20 
-
-
-15 
-
5 
20 
5 
20 
40 
5 
5 
+10 
-
+10 
-
-
+10 
+10 
25 
5 
10 
15 
15 
20 
10 
-
+10 
+5 
-
-
-
+5 
1 
0 
3 
9 
0 
2 
1 
-1 
-
-3 
-9 
-
-2 
-1 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
0 
0 
0 
0 
2 
0 
0 
-
-
-
-
-
-
-
170 
177 
182 
0 
0 
0 
+10 
+10 
+10 
155 
145 
230 
-
-
-
135 
225 
200 
-
-
-20 
20 
95 
60 
+10 
-
-
10 
15 
10 
-
-
-
15 
45 
5 
-
-
+10 
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
8 
0 
-
-8 
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
Seedling 
Number  Day 295 Day 308  Day 322  Day 337  Day 351  Day 365  Day 371  Day 378 Day 385  Day 391  Day 399  Day 406 
156 
157 
159 
30 
10 
0 
-30 
-10 
-
20 
4 
0 
-20 
-4 
-
0 
0 
1 
-
-
-1 
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
10 
0 
0 
-10 
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
1 
0 
-
-
-
0 
0 
0 
-
-
-
160 
165 
167 
10 
6 
3 
-10 
-6 
-3 
20 
15 
0 
-20 
-15 
-
2 
3 
0 
-2 
-3 
-
0 
0 
0 
-
-
-
0 
45 
0 
-
-45 
-
0 
55 
10 
-
-55 
-10 
0 
0 
4 
-
-
-4 
0 
0 
0 
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
0 
0 
0 
-
-
-
168 
170 
15 
16 
-15 
-16 
2 
1 
-2 
-1 
2 
4 
-2 
-4 
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
0 
0 
-
-
177  15  -15  45  -45  2  -2  0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  - 0  -
182  1  -1  10  -10  1  -1  0  - 0  - 0  - 0  - 0  - 0  - 27  -27  3  - 5  -5 Table 4c  (continued) 
Seedling 
Day 412 Day 419  Day 426  Day 434  Day 440  Day 447  Day 452 Day 468 Day 476  Day 483  Day 497 Number
 
156 0 - 0 - 0  - 0 - 0 ­ 0 - 0 - 0 - 0  - 0  - 0 
157  0 - 0  - 7 -7 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 
159  0 - 0 - 0  - 0 - 0 - 0 - 0 ­ 0 - 0 - 0  - 0 
160  0 - 0  ­ 0  - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0
 
165  0 - 0  - 0  - 0 - 0 - 0 - 0 - 0 - 0 ­ 0 - 0 
167 0 - 0  - 0 - 8 -8 0  - 0 - 0 - 0 - 0 - 0  - 0 
168  0 - 5 -5 0  - 0 - 0 ­ 8 -8 0 - 0 - 0 - 0  - 0 
170 0 - 0  - 0  - 0 - 0 - 0 - 0 - 0 - 0  - 0  - 0
 
177  0 - 0  - 12 -12 0  - 1  -1 0 - 1
  -1 0 - 0 - 0 - 0
 
182  1 -1  0  - 15 -15  1  -1 0
  - 0 - 0 - 0 - 0 - 0  - 0 Appendix D : Aphid Mummy Tallies 
Table 1 Tally of aphid mummy bodies removed from each seedling during the 18 week greenhouse test in 1996. The
Day' category refers to the number of days after the test started that the mummy count was taken for each plant. The
mummies were removed as they were counted to prevent double counts. The total number of mummies for the test
period was used in the analyses. 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Mummies / Number  1  5  12  19 26 33 40 47  54  60  68  74  81  87  103  110  118  125  day 43  0 0 0 0 0 2  0 0 2 0  0 0 0  0 0  1 0 0  0.04 45  0 0 0 0 0 0 0 2 0 0 0 0 3 0 0 0 0  0  0.04 49.5  0  1 0  1 6 2  2  2  11 2  5 10 4  6 7 6 5  5  0.60 50  0 0 0 0  1 7  1  20 42  12 25 36 13  9  7  9  3  4  1.51 53  0 0 0 6 3 24  14 13  9  11 25 13  9  6 5 7 3 4  1.22 58 0 0  1  1 3 2  8  13 23  19 24 25  21  17  11  7  13  8  1.57 63  0 0 0 0  1 6  9  16 10  9 26 16 21  5  9  7  8 12  1.24 73  0  2  2  1  12 15 20 9 42  19 35 25 21  15 16 13  15  12  2.19 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day?  Day  Day  Day  Day  Day  Day  Mummies / Number  1  7  14 21 27 35 42 49 56 63 70 7  84 90  105  113  118  125  day 46  1 0 0 1 1  1 5 0 2  1  3 2 3  0 0  1 0  1 0.18 48 0 0  1 3  1 2  2 3 5 1 6 3 1 2 1 0  1  0  0.26 55  0 0 2  7  11  11 13 18 25  26  18 23  17  21  17 28  10  5  2.02 59  0  1 0 10 5  9  10 7 23  11 13 17  16 12 17 9  8  6  1.39 61  0  0  2  3  17 47 25 25 33 36 23 32  21  18 39  15  11  8  2.84 66  1  0  0  3  8  21 12 16 23 10 27 16  14 15 9  12  12  15  1.71 72  1  0  3  3 4 27 13 20  18 48 33  18  11  18 20  6  13  10  2.13 74 0 0  1  8  8  11 24 44 30 36 43 33 25 20 40  22  15  10  2.96 Table 1 (continued) 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day1  Mummies / Number  1  7  15  21 29 36  45 50 57 64  71  78  85  101  107  114  26  day 41  0 0 0  0 0 0  1 0 0  0 0 0  1 0 0  1  0.03 47 0 0 0  1 0 
1 
2 0 1 0  1 0  0 3 0 3 2 0  0.10 60 0 0  1  5  9  5  19 16 20 21  31  12 16  6  11 10 18  1.59 64  0 0 0 3  1  2 15 8 20 10 17 15 9  18 13 6 20  1.25 51 0  1  1  9  3  9  12 6  12 25 19 15  7  15  11  11  12  1.33 69  0 0  0 4 12 19  33 35  41 43 55  37 15 7  7  15 20  2.72 73.5  0  1 0  6  14 14 12 20 16 31  15 10 18 6  6  12  18  1.58 75  0  0  0  5  6  11 35 31 28 13 39  11 10 9  5  1  15  1.74 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day?  Day  Day  Day  Day  Dayl  Mummies / Number  1  9  15  21  29 37  44 50  58  65  72  9  86  101  108 114  27  day 40  0 0 0 0  0 0 0 0 0 3  0 0  1 2 0 0  1  0.06 42  0 0  0 0 4  1 0  1 0 0 2 0  2 0 0 0 0  0.08 65.5  0 0 0 3 10  12 30  5  18 18 16 24 9  7  17  6  2  1.39 56  0 0  1  . 11 6 22  25  16  16 20  15 20  1  21  11  11  1.54 57 0  1 5 3  10  5  22 24 30  24 13 15 10 17 9  12  8  1.64 67  0 0 2 2 13 9  13 20 37 20  21  16  21  13  9  12  11  1.72 68 0 0 0  1  3  18 13 20 20 30 27 27 10 15 13  10  6  1.68 76  0  0  1  5  10 30 22  12  15 27  17  17  4  2  10  10  12  1.53 Table 1 (continued)
 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day
  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day1  Mummies / Number  1  6  13 22  27 36  42 49  52  62  70  76  83  89  104 112 117  25  day 44  0 0 0  1 0 2 0 0 0  1 2 0 0 0 0  1 0  0.06 49  0 2 2 0 7 
1 
7 6 6 0 5  3  0 7  3 0 0 0  1  0.39 52  15 6  6 16 6  3
0  1 0 2 2 17 11 7 12 12 9 8  1.06 54 0 2  1 2  1 7  6  5  10  10 39  15 24  10  21 23  5  15  1.57 62  0  0  2 13 8 21 34 44  25 29  7  28 23  21  18  28  27  13  2.73 65  0  1  5 12 8 13 14 22 23 6  20 16 10 10  8  2  2  7  1.43 71  0 2 6 7  8 22 22 24 20 16 18 12 14 13 13 17 12  4  1.84 70  0  1 0 14 9  23  6  26 34 35  19 27  16 17  18  13 13  9  2.24 Table 2 Tally of aphid mummy bodies removed from each seedling during the 18 week field test in 1996. The 'Day'
category refers to the number of days after the test started that the mummy count was taken for each plant. The
mummies were removed as they were counted to prevent double counts. The total number of mummies for the test
period was used in the analyses. 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Mummies / Number  1  12 18 24 32 40 47  54  61  68  75  82  89  105  107  118  125  day 81  0 0 0 0  0 0 0  0 0 0 0  1  0 0 0 0 0  0.01 82  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0  0  0  0.00 94  0 0 0 2  2  0 0 0 2  1  0 4  0 0 0 0  1  0.10 97  0 0 3 2 2 0  1 0  3 0 0  1 0 0 0 0 0  0.10 100  0 0 0  2  5 0 0 2 3  1  4 2  0 0 0 4 2  0.20 102  0 0 0 0 3 3 0  1 50 0 0 2  1  1 0  0  0  0.49 103 0 3  1  3  1  1 4 3 3 0 2  1  1  1 2  1 0  0.22 109  0 0 2  1 4 2 5  0 3 3 0 8 0 0  1  1  0  0.24 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Mummies / Number  1  8  15 23 28 37 43 50 58 65 72 79 86 92 107 119 126  day
 77  0 0 0 0  1 0 0 0 0
  0 0 0 0 0 0 0 0  0.01 85 0 0  1 0  0 0 0  0 0 0 0  0  0 0 0 0  0  0.01 89  0 0 2 4 0 0  1  3  1  1 0  1  1 0 0 0 0  0.11 99.5  0 0  1  0 4 0 6 5  1  1 1 
101 
0 2 3 4  3 2  0.26
0 0 0 0 0 5 4 2  1  1  1  1  1 2 0  1  0  0.15 107 0 0  1  1  2 7 3 2 2  3 0  3 2 5 3 6 8  0.38 108  0 0 0 0  1  2 2  2 2  1  1 0 2  1 0  1 0 0.12 112  0 0 4  4 2  1 8 2 0 3  1  2 2 2  1  4 0  0.29 Table 2 (continued) 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day I Day  Day  Day  Day Number  Mummies / 1  8  15 32 29 38 46  51  58
83  0  1 
67 74  81  88 92 107 118 126  day 0 0 0  1 0 0 0 0 0 0 0  0 0 0  0 84  0 0  1 3  0.02 0 0 0  0  0 0 0 0 0 0 0 92  0 0  0 0  0.03 0 0 0 0  0 0 0 0 2 0 0 0  1  1  0 99  0  1 0 0  0.03 0 0 0 0  2 0 0 0  0 0  4  3 105  0 0 3 0  1 0  1 
0  0.08 2 2 0  1  0 0 0 106  0 2  1  1 0 6 5 3 
1 0 0  0.09
2  1 0 0  0 0 0  1 110  0 0 0  3  0.20 3  3 2 2  2 0 0  6 2 0 0 0 114  0 0 0 0 0 7  2 0  0.17 
1  7  1  0 3 0 0  0 3 0  0  0.17 
Seedling  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day  Day Number  Mummies / 1  8  15 23 29 37 44 50 58  65  72  79  86  92  106 119 126 78  0 0  day 0  0 0 0 0 0 0 0  0 0 0 0 79  0  0 0 0  0.00 0 0 0 0 0 0 0  0 0 0 0  0 0 0 0 87 0 1 0 0 1  1  1 
0 0.00 0  1 2 1  0 0 2  0 91 0 0  1 0 0  2  1 0.10 0 0  1 2 0 0  1 2 0 0 0  0 93  0 0 0  0.06 4 0 0  1  0  1  0 0 2 0 0 0 111 0 2  0  1 0.07 2 2 3 0 1  1  1
113  0 0 5 0 0 2 0  1 
0  1 0 0 0 0 0  1  0.11 
1 0  1 0 115  0 0 
3 0 4 10 3  0.24 0  1 3  1 0 0  1 2  2 4 2  1  6  0  0  0.18 